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Index  of  Photograph«  of  Models 
of  tho  Wasserbau,  Versuchsanstalt 
Kochelsee  G.m.b.-H. 


Photograph  3^  From  left  to  right 

(1)  First  provisional  model  for  A5  for  testing 
stabil! ty  in  a  travelling  truck. 

(2)  A-5  model  for  oscillation  measurements  around 
▼arious  cross  axes  to  ascertain  the  stability. 

(3)  -A-5  model  for  three  component  measurements. 

(4)  A-5  model  with  braking  flaps  for  three  component 
measurements  at  high  Mach  Nos.  (Ma  =  2.5  —  4.4) 

(5)  A4  model  for  thi*ee  component  measurements  at  Mach 
No  1.2 

{(j)  A4  model  for  oscilldtion  measureinents  at  wish  2. 

(7)  A4  model  for  three  component  measurements  at  high 
Mach  Nos. 

(8)  A4  model  without  stabilizing  unit  for  three  component 
measurements  at  Mach  Nol  1  Z 

(9)  A4  model  without  stabilizing  unit  for  three  component 
measurements  at  medium  Mach  Nos  (Ma  *  1.6  —  2.5) 

(10)  A4  model  without  stabilizing  unit  for  three  component 
measurements  at  high  Mach  Nos. 

Photograph  2.  From  left  to  right. 

(1)  A4b  -  Trapezlum  wings  shape  4  with  biconvex  profiles. 

(2)  Trapezium  wings  Shape  4  with  parallel  wings  and  sharpenec 
front  and  back  edges.  (A4b) 

(3)  A4b  -  Trapezium  wings  Shape  5 

(4)  A4b  -  Stepped  up  wings  Shape  6 

(5)  A4b  -  Stepped  up  wings  Shape  8 

(6)  A4b  -  Model  with  triangulär  wings  shape  14. 

Photograph  3T  From  left  to  right. 

(1)  A4  Glider  with  swppt  back  wings  for  Ma  »  1.2 
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-)  A4  -  Glider  with  swept  back  wlngs  for  medium  Mach  No. 

3)  A4  -  Glider  with  swept  back  wlngs  A4b 

4)  A4  -  Glider  with  double  wlngs. 

5)  M  -  Glider  with  comblnatlon  of  wlngs  and  high  teil  unit. 

6)  M  -  Glider  with  etepped  up  wlngs  0 

7)  M  •  Glider  with  etepped  up  wlngs  with  larger  span. 

1)  The  sarae  modele  as  in  photograph  3  with  aspect  below  60° 

Photoaranh  5  *lf&sserfall"  models  from  left  to  right 

1.  Th©  first  shape  ^  Ws  45°  in  which  V*  means  the  twisting  of  the  wings 
(F^Lugellsrena)  against  the  tail  unit  (Leitwerkkreuz)  about  the  longitudinal 
axis  of  the  model. 

2.  llodel  with  ring  for  wings. 

3.  Final  shape  Cs  y>  =  0° 

4.  Model  with  fissd  back  wing  unit  z  45° 

5.  Model  for  oecillation  and  zero  moments  measureraents  to  test  stabil! ty  and 
efficienoy  of  the  tail  unit. 

6.  Model  for  Mach  No.  1.2 

7.  Model  with  split  tail  unit. 

8.  Cecillating  half  model. 

Photograph  6.  From  left  to  right. 

1*  Peenemunde  fin  stabilized  mode!  (PPG)  cartridge  case  base  projectile  for 

K5. 

2.  Peenemünde  fin  stabil! zed  model 
Cartridge  projectile  model 

3)  Peenemunde  fin  atabilized  model 

Final  oartridge  base  projectile  model  with  guide  ring. 

4)  Peenemunde  fin  stabilized  model 

Test  of  a  combined  guide  and  support  ring 

5)  Peenemunde  fin  stabilized  projectile 
Final  form  for  duster  j5ro.1ectiles. 
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6*  3  ?l«cM  p#r  oartridgs  esse  base* 

7.  5  •  »  ■  •  • 

8*  8  "  ■  »  »  » 

9.  12  "  ■  •  -  "  » 

10.33  hi»»  •  ■ 

11.16  "  "in  the  tube  modal 

Photograph  7  ^rom  laft  to  right 

1)  For  Paw  1000  with  8  axis  parallel  fins 

2)  "  w  "  »  »  /\  fixed  shortened  fins 

10.5  /  3)  **  "  "  H  split  tail  unit  (fins) 

7.5  cm  4)  "  »  "  »  6  /\  fixed  fins 

Shells.  5) 

6  Mine  Shells  designed  by  Baake  with  long  tail  unit 

7)  H  n  it  n  n  n  shortened  "  " 

8)  »  »  n  n  it  i»  •*  «ii 


)  differently  put 
)  together. 


9) 

PPG  tail  unit  with 

2  fins 

10) 

tt 

it 
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it 

3  fins  for  cartridge  case  base 

11) 

tt 

n 

it 

n 

4  * 

12) 

n 

it 

t» 

n 

4  “  arranged  at  5° 

13) 

it 

tt 

ti 

ti 

4  ^\arranged  finB 

U) 

n 

it 

it 

tt 

6  /\  "  » 

15) 

M 

n 

n 

ii 

6  fins  arranged  at  5° 

16) 

Photograph  1 

Roohling  model  with  folding  spring  Steel  tail  unit 

L 

1)  Jet  model  Stern  with  jet  rudders. 

2)  A4  pressure  distribution  half  model 

3)  "Wasserfall"  pressur-  distribution  helf  model 

4)  A4b  Half  model  for  the  measuremerts  ciarnier  moments. 

5)  Model  of  "WasBerfail"  Stern  w*  th  8  diffwer.t  rudders  (one  rudder 
attaohed) 
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Photograph  9. 

1)  A4  model  with  adjuatable  rudders  to  control  roll  moments  for 
measurements  ln  the  high  speed  wind  tunnel  of  tho  DVL  at  Adlershof® 

2)  A5  -  Pressure  distribution  model  for  raeasure&ents  in  the  wind  ttunel 
of  the  TH  Aachen. 

3)  A4  *et  model  for  meaeurlng  pressure  .distribution  to  detsrmine  the 
driving  influence  on  drag  and  stability. 

4)  A4  rocking  model  to  determine  the  resonance  between  oscillating 
frequencle^  (about  the  transversa  axis)  and  the  rotations  frequmcies 
in  a  Tertical  measuring  strip. 

5)  A4  -  Jet  model  without  tail  unit  to  determine  the  spreading  out  cf  t’ 
jet  as  a  .*nction  of  the  air  density. 

2  A4  nos®  modele  for  oscillation  measurements  to  examine  their 
stability  when  flying  singly  after  being  released  from  the 
projectiles. 


1)  15  am  Shell  model  for  throwing  on  the  roll  moments  balance. 

2)  Proaeure  distribution  cone  with  60°  opening  angle 

3)  w  "  »»«  420  "  » 

4)  »  "  mw  40°  M  » 

5)  "  "  m  ..  20°  "  " 

b)  PlufflDMt  for  total  and  static  pressure  measurements. 

7)  Cone  on  the  force  measurement  holder 

8)  Cone  for  pressure  distribution  measurements. 

9)  5  difforjnt  profi les  for  oscillation  measurements  to  determine 
the  pressure  pcd 

10)  Thrust  diffuser  *no  l  with  interchangeable  nozzles. 

11)  Projeotile  with  thrust  diffusor. 

12)  Tail  f  ins  from  the  A4  without  air  rudders 


Abb.2 


Photograph  11«  From  left  to  right. 


1)  DOV  —  rocket  for  "Welfer M 

2)  Puppet  model  for  mortars 

3)  Model  for  a  forward  staged  anti-tank  weapon 

4)  Model  of  the  flying  bomb  SC  50  (Fins  with  "Sicken" 

5)  Armor  pieroing  Shell  model 

6)  "  "  «  n 

7)  Tiger  armor  piercipg  Shell  model 

8)  28  cm  Shell  model  with  axis  parallel  ribs 

9)  15  cm  Shell  model 

10)  Model  of  a  Standard  Shell  for  the  K5  on  the  same  scale  as  the  PPG 

(Phot.  6,  3) 

11)  8. 8/7.2  cm  T  Flak  Shell  (Bochum  Verei) 

12)  8. 8/7.0  cm  "  "  "  (Stock) 

13)  8. 8/7.0  cm  "  "  (Rheinine tall-Borsig) 
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Zusammenstellung  der  Abbildungen 
über  bisherige  Untersuchungsergebnisse 
aus  dem  Bericht  Archiv  Nr  190- 

Die  aerodynamische  Entwicklung 
der  Fernrakete  AQ  (A4b) 

Sachbearbeiter :  Dr.  Lehnert 
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Herr  Dr.  .'lererer  hat  sich  besonders  bei  "der  Durchsicht  des 
Manuskripts  und  der  Zusammenstellung  der  Abbildungen  ver¬ 
dient  gemacht. 
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'l  )  Pie  ..uf  gabenstellung 

-^ls  Anfang  19^3  är.  unser  damaliges  aerodynamisches  Institut 
in  Karlshagen  die  Forderung  nach  einer  aerodynamisch  einwand¬ 
freien  Farm  für  eine  Flakrakete  gestellt  wurde,  standen  wir 
vor  einer  «.ufgabe,  zu  deren  Lösung  neue  aerodynamische  V/ege 
beschritten  und  damit  umfangreiche  Windkanalmessungen  durch¬ 
geführt  werden  mußten.  Der  taktische  Zweck  erforderte  ein  Ge¬ 
rät,  das  bei  einem  .Durchmesser  von  etwa  90  cm  9  Kaliber  lang 
sein,  mit  der  Geschwindigkeit  ^ull  starten,  die  dreifache 
.'•jchallreschwindiprkeit  und  20  km  Höhe  erreichen,  vom  Boden  aus 
bis  auf  50  km  Entfernung  steuerbar  oder  mit  einem  Ziel suchte- 
rät  aue  »erustet  sein  und  dabei  gewisse  kleinste  Kurven  be- 
schreiben  sollte,  um  dem  feindlichen  Flugzeug  nachzuf liefen 
und  ihm  selbst  bei  Ausweichbewegu:  -en  zu  folgen.  Ein  Aggregat, 
das  diese  Bedingungen  alle  erfüllt,  mul!  teils  Geschoß  teils 
Flu—,.-’-.  ■  sein.  Bin  Flugzeug  aber,  ~-.s  -dt  Überschau teschwin- 
digkeit  fliegt,  gab  es  noch  nicht. 

Hei  der  aerodynamischen  Entwicklung  dies--  r  Flakrakete  konnten 
wir  uns  lediglich  auf  unsere  Erfahrung.:  -Le  .vir  bei 

der  Entwicklung  des  Aggregates  A  4  gesammelt  hatten.  Denn  A  4 
ist  das  erste  und  bisher  einzige  RaKetengeschoß,  das  den  wei¬ 
ten  Geschwindigkeitsbereich  mit  aer  Anfangsgeschwindigkeit 
V  m  0  m/sec  bis  zur  Endgeschwindigkeit  v~  1500  m/sec  durch¬ 
fliegt  und  die  Schallgeschwindigkeit  einwandfrei  passiert. 

..uoh  steuerungsseitig  lagen  hier  schon  .Erfahrungen  vor. 

Es  wurde  deshalb  -  auch  um  keine  Zeit  zu  verlieren  -  für  die 
Flakrakete  Wasserfall  die  Grundform  ues  a  4,  nie  äußere  Gestalt 
des  Leitwerks  und  dessen  Anordnung  weitgehend  übernommen.  Steu¬ 
ereinrichtungen  in  Form  von  Luftrudern  mußten  erst  entwickelt 
werden.  Gewisse  Erfahrungen  darin  -  allerdings  nur  im  Windka¬ 
nal  -  lagen  an  einem  Gleitermodell  vor,  das  als  Weiterentwick¬ 
lung  des  A  4-Gerätes  im  Projekt  bereits  bearbeitet  worden  war. 
Die  Forderung  engen  Kurvenflugee  auch  bei  den  sehr  großen  Ge¬ 
schwindigkeiten  setzte  die  Anbringung  von  Tragflächen  voraus, 
mit  denen  die  benötigten  Auftriebskräfte  erzielt  werden  soll¬ 
ten.  Zu  den  vier  Leitwerksflächen,  die  in  zwei  zueinander  senk¬ 
rechten  Ebenen  angeordnet  sind,  wurde  -  von  der  üblichen  Flug¬ 
zeugform  abweichend  -  ein  symmetrisches  Kreuzflügeltragwerk 
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am  Körper  angebracht,  um  ein  schnelles  Einschwenken  der  Rakete 
in  alle  notwendigen  Plugrichtungen  zu  ermöglichen.  Der  letzte 
Qedanke  führte  vorübergehend  zur  Untersuchung  eines  den  Grund¬ 
körper  konzentrisch  umgebenden  ringförmigen  Tragflügels,  der 
de«  allseitigen,  leichten  Abkippen  der  Rakete  am  besten  Rechnung 
getragen  hätte«  Der  hohe  Widerstand  jedoch  schloß  die  Verwendung 
schon  nach  den  ersten  Windkanalmessungen  aus. 

Die  Flakrakete  sollte  auf  Grund  statischer  Untersuchungen  bis 
sun  Lastvielfachen  12  bei  einem  Leergewicht  von  1,5  to  bela¬ 
stet  werden,  das  ja  nicht  unwesentlich  höher  sein  mußte,  als  das 
des  zu  bekämpfenden  Flugzeugs.  Die  Lastvielfachen  der  einzelnen 
Typen  sind  in  folgender  Tabelle  angegeben* 

Eee Lastvielfache  s 


Jagdflugzeuge  -  Sturzbomber 

6-8 

Zerstörer 

5-7 

Gleitbomber 

5-5 

Horizontalbomber  und 

p  _  * 

Transportflugzeuge 

1s  ergab  sieh  somit  für  die  aerodynamische  Formgestaltung,  daß 
ein  Auftriebswert  von  18000  kg  erreicht  werden  mußte.  Aus  den 
berechneten  Flugbahnen  mit  zunächst  angenommenen  aerodynamischen 
Beiwerten,  einem  Schub  von  8  to,  einer  Brennzeit  von  45  sec 
einer  Flugzeit  von  90  sec  ging  hervor,  welche  maximalen  Stau¬ 
drücke  erreicht  werden,  die  von  der  Flughöhe,  von  der  Art  des 
Schusses  -  ob  senkrecht  oder  schräg  -  abhängig  sind.  Abb.  1 
zeigt  das  Schußbahnbild  mit  den  gemessenen  aerodynamischen  Bel-  1 
wert«  Der  Verlauf  der  Auftriebsbeiwerte  von  Körper  und  Leitwerk 
über  dem  Anstellwinkel  und  der  Machschen  Zahl  aus  der  A  4-Messung 
war  bekannt«  Damit  wären  sehr  große  Anstellwinkel  mit  untrag¬ 
barem  Widerstand  und  ungünstiger  Wuerkraftsverteilung  für  die  j 

facserfallrake^e  notwendig  gewesen«  Es  ergab  sich  schließlich  j 

die  Forderung  für  ünterschall  15°,  für  überschau  8°  Anstell¬ 
winkel«  Es  handelte  sich  also  darum,  Tragflügelflächen  zu  ent¬ 
wickeln,  die  das  fehlende  eA  aufbrachten,  wobei  für  das  gesamte 
Aggregat  eise  hinreichend  gute  Polare,  d.h«  beim  notwendigen  Auf¬ 
trieb  geringer  Luftwiderstand  erreicht  würde. 

l&e  weitere  aerodynamische  Bedingung  bestand  darin,  den  Druck¬ 
punkt  des  Gesamt-Aggregates  möglichst  in  allen  Geschwindigkeit*- 
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bereichen  konstant  zu  halten,  da  damit  die  Anforderungen  an 
die  bteuermaachine  gering  gehalten  werden  kennten.  Jeder  ro- 
tatUmssymmetriBche,  langgestreckte  Körper  ohne  angebaute 

besitzt  eine  Druckpunktswanderung  zwischen  Unter-  und 
Uberschall.  Auch  Körper,  die  am  Heck  mit  Leitwerk  ausgerüstet 
sind,  wie  das  A  4,  zeigen  diese  Druckpunktswanderung,  s.  Abb.6 
unten,  die  verhältnismäßig  großen  Spielraum  in  den  Steuer- 
kr&ften  erfordert.  Da  das  auszusteuernde  aerodynamische  Mq- 
iaejjgk  sich  aus  Äormalkraft  des  Aggregates  und  Luf t kraft hebe 1- 
arrn^usammensetzt ,  muß  die  Steuermaschine  zur  Betätigung  der 
Luftruder  für  den  maximalen  Hebelarm  ausgelegt  werden,  außer¬ 
dem  kommt  hinzu,  daß  die  Ruderwirksamkeit  im  Uberschall  mit 
zunehmender  Machscher  Zahl  stark  nachläßt,  wie  in  der  weiter 
unten  beschriebenen  Abb.  8  zu  erkennen  ist.  Gelang  es,  den 
Druckpunkt  möglichst  konstant  zu  halten  und  ihn  nahe  hinter 
den  Schwerpunkt  zu  legen,  so  war  eine  kleinste  Dimensionierung 
der  Luftruder  möglich.  Die  geringsten  Steueranstrengungen 
wären  ;}a  dann  erforderlich,  wenn  es  gelänge,  Druckpunkt  und 
Schwerpunkt  an  die  gleiche  Stelle  der  Körperachse  zu  legen. 
Diese  ideale  Lage  kann  jedoch  nicht  erreicht  werden,  da  ein¬ 
mal  beim  Schwerpunkt  selbst  durch  das  Entleeren  der  Tanks 
eine  gewisse  Wanderung  nicht  vermieden  werden  kann,  s.  Abb.1, 
zum  anderen  eine  Druckpunktskonstanz  mit  zunehmendem  Anstell¬ 
winkel  des  Körpers  schwer  zu  verwirklichen  ist. 

2)  Die  Gestaltung  des  Grundkörpers  und  des  Leitwerks 

Wie  schon  oben  gesagt,  lag  die  Größe  des  Raketenvolumens 
durch  die  Größe  des  Treibstofftanks,  des  Ofens,  der  opreng- 
ladung  usw.  bereits  bei  Aufgabenstellung  für  die  aerodyna¬ 
mischen  Untersuchungen  fest,  sodaß  an  der  Formgestaltung  des 
Grundkörpers  nach  dem  Vorbild  vom  A  4  nicht  viel  geändert 
werden  brauchte.  Die  Länge  von  8,06  Kalibern  des  A  4  mußte 
zur  Unterbringung  der  etwas  anders  gestalteten  Treibstoff¬ 
tanks,  der  zusätzlichen  I.uftdruckkugel  usw.  auf  8,5  Kaliber 
vergrößert  werden.  Auch  wurde  der  Krümmungsradius  des  vorde- 
ren  Ogivals  der  etwas  geringeren  Geschwindigkeit  entsprechend 
auf  10  Kaliber  verkleinert.  Der  hintere  Ogivalradius  mußte 
ebenfalls  auf  10  Kaliber  geändert  werden.  Es  ergab  sich  also 
eine  endgültige  Körperform  nach  abb.  2  c,  die  ein  zylindri¬ 
sches  Mittelstück  von  rund  5,5  Kalibern  aufweist.  Am  Heck 

- b^TRICTED - - — - - 
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befindet  sich  das  Leitwerk  in  zwei  zueinander  senkrechten 
Ebenen  angeordnet  mit  vier  gleichen  Flossen  und  vier  glei¬ 
chen  Rudern«  Der  feste  Teil  des  Leitwerks  erstreckt  sioh 
2  Kaliber  vom  Heckboden  nach  vorn,  hat  einen  Schulterwinkel 
von  30°  und  besitzt  in  der  Höhe  des  Heckbodens  eine  Breite 
von  rund  2,1  Kalibern«  Die  Gesichtspunkte,  die  zur  Gestal¬ 
tung  des  Leitwerks,  das  vom  A  4  bis  auf  die  Luftruder  über¬ 
nommen  worden  ist,  geführt  haben,  sind  in  zwei  Abhandlungen 
beschrieben,  (Lit«  1  und  2),  Uber  die  Entwicklung  des  Ruders 
wird  weiter  unten  im  Zusammenhang  berichtet  * 

5)  Die  Entwicklung  des  Tragwerks 

Der  erste  Entwurf  des  Gerätes  mit  der  Bezeichnung  C2/E1  sah 
ein  Tragwerk  in  der  Form  nach  Abb«  2  a  vor«  Das  Leitwerk  bei 
diesem  Gerät  war  gegenüber  A  4  im  festen  Teil  verkleinert, 
dafür  hatte  es  wesentlich  breitere  Luftruder  bekommen.  Die 
Messung  ergab  hinreichende  Wirksamkeit  in  Bezug  auf  ca,  je¬ 
doch  eine  untragbare  Druckpunkt swanderung.  Unter  Zugrunde¬ 
legung  des  Schwerpunktverlaufs  nach  Abb.  1  war  im  gesamten 
Unterschallbereich  keine  Punkt  Stabilität  bei  oc  -  0°  zu  er¬ 
reichen«  Momentenfreie,  stabile  Lagen  traten  erst  bei  größe¬ 
ren  Anstellwinkeln  bei  oC  150  bieX  *v  18°  auf«  Nach  Rück¬ 
versetzung  der  Flügel  und  Vergrößerung  des  Leitwerks  und 
Luftruders,  s«  Abb,  2  d,  wurde  Punkt Stabilität  bei  •  0° 
erst  erreicht,  als  der  Schwerpunkt  auf  S/D  «4,38  vorverlegt 
wurde« 

Punktstabilität  beiOC  »  0°  wurde  auch  erreicht,  als  das  Trag¬ 
werk  versuchsweise  noch  weiter  zurückversetzt  wurde,  sodaß 
die  Flügelmitte  sich  auf  3,72  D  von  Düsenhinterkante  befand« 
Diese  Lage  ist  mit  Rücksicht  auf  die  dadurch  bedingte  starke 
Rücklage  des  Druckpunktes  im  UberSchall  nicht  tragbar«  Im 
Uberschall  wurde  mit  dem  Modell  Abb.  2  a  mit  dem  Schwerpunkts« 
verlauf  nach  Abb,  1  bei  allen  Machschen  Zahlen  ebenfalls  keine 
Punktstabilität  bei  OC  •  0°  festgeetellt.  Erst  das  Modell  nach 
Abb.  2  d  brachte  diese.  Allerdings  traten  hierbei  auch  noch 
andere  labile  und  stabile  Lagen  bei  größeren  Anstellwinkeln 
auf,  auf  die  hier  nicht  näher  eingegangen  werden  soll« 

Es  war  also  bei  den  genannten  Modellen,  wenn  es  auch  gelang, 
durch  Verlegung  von  Tragwerk  und  Schwerpunkt  Stabilität  zu 

.  RFSTRimm 
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erreichen,  eine  Druckpunktsdifferenz  zwischen  Unter-  und  Über¬ 
schau  nicht  zu  vermeiden.  Legte  man  de:.  Schwerpunkt  so  weit 
vor,  daß  Stabilität  in  jedem  Falle  erreicht  wurde,  entstanden 
sehr  große  Luftkrafthebelarme  im  Überschallbereich  und  damit 
untragbare  Steuermaschinenbelastung.  Ei;  igte  man  sich  dagegen 
auf  eine  mittlere  Schwer punkts läge,  wobei  ihre  konstruktive 
Verwirklichung  noch  fraglich  war,  so  mudte  die  Steuermaschine 
im  Unterschall  Labilität  aussteuern.  Li-:  vorliegende  Steucrma- 
schine  war  in  dem  Maße  dazu  jedoch  nicht  in  der  Lage. 

Es  mußte  also  versucht  werden,  diese  Lruckpunktsdifferenz  zu 
beseitigen.  Dies  konnte  nur  durch  grundlegende  Umgestaltung  cies 
Flügels  geschehen.  Die  weitere  Untersuchung  führte  zu  einer  Flü¬ 
ge  lge st altung,  die  weitgehende  Gleichheit  zwischen  Leit-  und 
Tragwerk  aufweist.  Das  Modell  trägt  die  Bezeichnung  C2/E2.  23 
weitere  Zwischenformen  führten  n:l  iht  zum  Ziel.  Die  Flügel  haben 
ihre  größte  Erstreckung,  ebenso  wie  das  Leitwerk  in  der  Strö- 
mungsrichtung  und  eine  Spannweite  von  nur  2  Kalibern,  s.  Abb. 

2  b,  2  e  und  3*  Es  wurden  an  dieser  Form  neben  Dreikomponenten- 
und  Stabilität smessungen  auch  Ihruckverteilungsmessungen  durch— 
geführt.  Vergleicht  man  die  Druckverteilungsmessungen  im  Unter- 
und  Uberschall,  wie  sie  am  Leitwerk  der  Fernrakete  A  4  gemessen 
wurden,  s.  Abb.  4,  so  sieht  man,  daß  im  Unterschall  die  Haupt- 
kxäfte  längs  der  schrägen  Schulter  liegen,  im  Überschall  dage¬ 
gen  die  Kräfte  gleichmäßiger  auf  die  gesamte  Fläche  verteilt 
sind.  Die  Druckverteilungsmessung  am  Wasserfallmodell,  die  zu¬ 
nächst  einmal  im  überschall  und  kompressiblen  Unterschall  aus— 
geführt  wurde,  zeigte  qualitative  Ähnlichkeit  mit  der  Druck¬ 
verteilung  am  Leitwerk  des  A  4.  (s.  Abb.  5).  Man  sieht,  daß  der 
Flügel  im  inkompressiblen  Unterschall  eine  ähnliche  Kräftever¬ 
teilung  wie  das  Leitwerk  a  4  in  inkompressibler  Strömung  auf¬ 
weist.  Danach  scheint  es  so,  als  ob  die  lange  schräge  Schulter 
der  Grund  dafür  ist,  daß  der  Unterschall-Druckpunkt  der  Fläche 
relativ  weiter  hinten  liegt,  als  der  einer  Fläche  z.B.  recht¬ 
eckigen  Querschnittes.  Bei  der  gleichmäßigen  Druckverteiluivg 
im  Überschau  dagegen  wird  der  Druckpunkt  an  sich  immer  weiter 
hinten  liegen  als  im  Unterschall.  Deshalb  muß  die  schräg  nach 
vorn  laufende  Hinterkante  im  überschall  eine  Vorverlegung  des 
Flächendruckpunktes  erwirken.  Mit  dieser  Flügelanordnung  wurde 
die  in  Abb.  6  gezeigte  Druckpunktskone tanz  in  dem  gesamten  Ge- 
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schwindigkeitsbere Ich  erzielt.  Genaueres  wird  darüber  in 
•-bschnitt-  6  c  aus ge führt .  ! obgleich  der  Grundkörper  ohne  ange¬ 
baute  Flachen  eine  z.ü.  bezrdcht  liehe  Bruck  pur Jrt  sw  a  1  ;d  e  ru  ag 
üter  der  Geschwind --heiU  auf weist»  v.ird  er  durch  die  .r.bautfe:: 
so  eeinf lußt  v  daß-  cas  ere samt—  .  'gregut  ie  genessene  Druck¬ 
punkt  skons tanz  erhalt. (Lit.  30). 

4)  Die  gegenseitige  La;;e  von  Trag-  und  Leitwerk 

Tragwerk  und  Leitwerk  können  so  zueinander  augeordnet  werden, 
da£  die  jeweiligen  Flügel-  und  Leitwerks paare  in  gleicher: 
Fbenen  liegen.  Es  ist  aber  auch  möglich,  das  Trugwerk  gegen 
das  Leitwerk  um  einen  gewissen  .-ink.el  ^egene  'minder  zu  ver¬ 
drehen.  am  zweckmäßigsten  geschieht  iies  um  45°,  um  wieder 
eine  symmetrische  Anordnun  :  zu  bekommen.  Es  hatte  zunächst 
den  Anschein,  als  wenn  die  letztere  Form,  bei  der  also^i  <p  -  4-5° 
ist,  der  ersten  vorzuziehen  sei.  Lei  kleinem  Anstellwinkel 
wird  dabei  nämlicn  der  .Abstrom  des  Tragwerks  Leitwerk  una 
Ruder  nicht  treffen  und  damit  erhöhte  ntabilitüt  des  Gerätes 
bewirken.  3ei  der^y  »  0°-Lage  wird  gerade  bei  kleinem  ..n- 
ste] 1. vinkel  die  Beeinflussung  durch  diesen  Abstrora  stark  sein. 
Es  hat  sich  jedoch  herausgestellt,  daß  bei  größeren  Anstell¬ 
winkeln  die  1 eeinf lussung  der  unter  45°  liegenden  Tragwerks¬ 
flächen  nuf  die  Ruder  besonders  stark  ist  und  unübersehbare 
stabile  und  labile  Lagen  des  Körpers  bei  Ausschlag  des  Ruders 
hervorruft.  Deshalb  wurde  die^tp-  453-Lage  wieder  verworfen 
und  die^y  -  0°-Lage  weiter  untersucht,  die  ist  in  der  Form 
C2/E2  (^.bb.  2  b  und  3)  zur  Anwendung  gekommen.  (Lit.  26). 

5)  Die  Luftruderentwicklung 

Es  stand  von  vorn  herein  fest,  daß  die  Flakrakete  mit  Luft¬ 
rudern  gesteuert  werden  sollte,  da  auch  nach  Brennschluß  die 
Steuerfähigkeit  des  Gerätes  erhalten  bleiben  mußte.  Da  in 
den  ersten  Flugsekunden  der  Staudruck  zur  Steuerung  durch 
Luftruder  allein  nicht  ausreient,  war  eine  Kopplung  mit  strahl- 
rudern  vorgesehen. 

Diese  aus  Graphit  bestehenden  Strahlruder  sollten  auf  glei¬ 
cher  «Teile  mit  dem  Luftruder  angeordnet  werden  und  in  de«. 
Antriebsstrahl  hineinragen.  Es  war  Höhen-,  Seiten-  und  Drall¬ 
steuerung  vorzusehen,  wobei  Höhe  und  Seite  durch  Steuerimpulse 
vom  Boden  aus  ferngesteuert,  der  Drall  durch  Eigensteuerung 
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unterdrückt  werden  sollte.  Es  wurde  überlegt,  den  Drall  durch 
Querruder  an  den  Flügelenden  auszusteuern.  Dies  hätte  zwar  aero¬ 
dynamisch  eine  bessere  Wirksamkeit  versprochen,  nmn  wäre  jedoch 
konstruktiv  in  Bezug  auf  die  Übertragung  der  Kräfte  von  der  Steu- 
ermaschine  auf  Schwierigkeiten  gestoßen.  Deshalb  wurde  grundsätz¬ 
lich  auf  gesonderte  Drallruder  verzichtet  und  die  Drallsteuerung 
mit  auf  die  Höhen-  und  Seitensteuerung  auf ge schaltet • 

Die  auszusteuernden  aerodynamischen  Momente,  die  infolge  des  Kör¬ 
peranstellwinkels  auftreten,  wurden  zunächst  überschlägig  berech¬ 
net.  Danach  konnte  die  Größe  der  Ruderfläche  wie  folgt  festge¬ 
legt  werden*  Jedes  Ruder  mußte  im  Maximalfalle  eine  bestimmte 
Normalkraft  erzeugen,  die  an  dem  Hebelarm,  Schwerpunkt  des  Kör¬ 
pers  bis  Druckpunkt  des  Ruders,  die  entsprechenden  Steuermomente 
hervorrief.  Die  notwendige  Normalkraft  konnte  nun  entweder  durch 
große  Fläche  bei  kleinem  oder  kleine  Fläche  bei  großem  Anstell¬ 
winkel  erzeugt  werden.  In  letzterem  Falle  war  mit  größerem  Wider¬ 
stand  zu  rechnen.  Außerdem  war  dabei  die  Gefahr  des  Überschrei¬ 
tens  der  Bruchlast  vorhanden.  (Lit.  9). 

Nach  Abschätzung  aller  Möglichkeiten  ergaben  sich  somit  folgende 
aerodynamischen  und  konstruktiven  Gesichtspunkte  für  die  Ruder¬ 
entwicklung: 

a)  Zugelassener  Ruderhöchstaus schlag  -  25° 

b)  Höchstzulässige  Rudernormalkraft  1  to  je  Ruder 

c)  Zuordnung  von  Ruderaüsschlag  zu  Körperanstellwinkel 
innerhalb  folgender  Grenzen: 

Unterschall:  0,  1 ;  Uberschall:  1,0^^  2,0 

d)  Aussteuerung  aller  Bauunsymmetrien  mit  Ruderausschlag  ip  -  2°. 

.«eitere  Forderungen  an  die  Luftruder  kamen  von  Seiten  der  Steu¬ 
ermaschine,  die  die  Scharniermomente  erzeugen  muß.  Die  Größe  der 
Maschine  lag  anfangs  noch  nicht  endgültig  fest.  Es  konnten  des¬ 
halb  nur  ungefähre  Angaben  über  ihre  Leistungsfähigkeit  gemacht 
werden.  Es  wurde  damit  gerechnet,  daß  die  Steuermaschinen  Schar¬ 
niermomente  nach  folgender  Tabelle  würden  bewältigen  können: 

Rudermaschine  K  12,  Achse  .  0,08  D  MR  max  .  35  mkg 
PrLmitivsteuerung,  Achse  Sg  .  0,057  D  MR  max  .  50  mkg 

Es  wurde  angenommen,  daß  die  Steuermaschine  auch  negative  Schar¬ 
niermomente  von  etwa  2/3  des  positiven  Betrags  leisten  würde. 
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Üaber  Berücksichtigung  aller  angeführten  Forderungen  wurde 
BK»  eine  große  Reih*  von  Rudsrforaen  (Lit.  13*  25)  unter- 
0ueht*  vobei  eioh  schließlich  das  Luftruder  R  12,  s.  Abb.  2f, 
ergab,  das  sun&chat  allen  Anforderungen  genügte.  Man  sieht 
so*  den  Messungen  nach  Abb.  7  linke  Seite,  daß  die  Scharnier- 
aoaentsnkurven  in  Überschall  bei  allen  Machsohen  Zahlen  stets 
positive  Tangenten  haben,  daß  sie  dagegen  in  Unterscball  star¬ 
ke  Labilität  aufweisen.  Die  mit  difesem  Kuder  erhaltenen  tfirk- 
saakeltskuryen  OC  ■  f(<?)  sind  in  der  Abb.  8  oben  dargestellt. 
(Lit.  12,16).  Man  sieht  daran,  daß  sämtliche  Überschallkur¬ 
ven  bis  su  einea  Winkel  von  y  -  25°  ait  stetiger,  positiver 
Tangente  verlaufen.  Die  Wirksamkeit  nimmt  mit  sunehmender  Ge¬ 
schwindigkeit  ab.  Die  Wirksamkeit  ia  ünterschall  ist  ebenfalls 
einwandfrei,  wenn  der  Körper  unter  y  -  0°,  d.h.  in  einer  Leit¬ 
oder  Tragwerksebene  fliegt.  Kippt  der  Körper  jedoch  unter  45° 
su  Leit-  und  ?x4gwerkskreus  ab,  dann  weisen  die  Wirksamkeit s- 
kurven  bei  einem  Winkel  von  ttwaoC  >15°  einen  S-Schlag  auf, 
der  Labilität  des  Körpers  in  dem  betreffenden  Anstellwinkel¬ 
bereich  bedeutet.  Es  gibt  also  su  einea  bestimmten  Ruderaus¬ 
schlag  swei  sugehörige  Anstellwinkel,  s.  auch  Abb.  9  oben, 
wo  ^  über  OC  auf  getragen  ist.  Es  wurde  versucht,  durch  ver¬ 
schiedene  Ruder-  und  Leitwerkegestaltung  und  Änderungen  am 
Flügel  diesen  S-Schlag  su  beseitigen.  Die  bisherigen  Unter¬ 
suchungen  waren  jedoch  noch  nicht  befriedigend.  Es  wird  dar¬ 
über  an  anderer  Steile  berichtet.  (Lit.  26).  Der  Grurri  dafür 
liegt  eindeutig  in  der  Beeinflussung  von  Leitwerk  und  Ruder 
durch  di®  davor  liegenden  Flügelflächen.  Derartige  S-ochläge 
würden  wahrscheinlich  nicht  auf  treten,  wenn  der  Körper  mit  dem 
festen  Teil  des  Leitwerks  ohne  die  Ruderfläche  allein  stabil 
wäre.  Das  würde  jedoch  eine  stärkere  Rückverlegung  des  Druck¬ 
punktes  und  damit  für  die  Steuermaschine  größere  Leistung  er¬ 
fordern,  sofern  nicht  durch  eine  Hilf srudere inricht ung  die 
Steuerkräfte  wesentlich- herabgesetzt  werden  könnten.  Versuche 
dieser  Art  sind  bei  der  WVA  im  Gange.  (Lit.  23).  Das  Auftre¬ 
ten  des  S-Schl&ges  ist  jedoch  in  diesem  Anstellwinkelbereich 
für  das  vorliegende  Waseerfallgerät  nicht  unbedingt  kritisch, 
da  nur  im  Ausnabmefall  der  Körper  mit  dem  Anstellwinke IOC  ">15° 
im  Unterschall  in  der  y  ■  45°-Lage  abkippen  wird.  Der  Aus¬ 
nahmefall  tritt  auf  bei  Knüppelfehlern,  Pendelungen  um  die 


31 



WVA/FL 


Archiv  Nr.  171  g.Kdoß 


Sollbahn  oder  Böen.  Da  die  Beseitigung  des  S-Schlages  in 
allernächster  Zeit  nicht  zu  erwarten  ist,  muß  diese  Unsicher¬ 
heit  in  Kauf  genommen  werden. 


Eine  genaue  steuermaschinenseitige  Untersuchung  auf  dem 
Schwingt isch  ergab,  daß  die  Absolutwerte  der  negativen  Schar- 
nierm^mente  herabgesetzt  werden  mußten,  ebenso  mußte  das  nega¬ 
tive  verkleinert  werden.  Es  wurde  daher  die  Flügeltiefe 
des  Ruders  gekürzt,  sodaß  die  Ruaerf lache  sich  um  25  %  ver¬ 
ringerte.  Dies  war  gleichzeitig  insofern  zweckmäßig,  als  beim 
R  12  der-  Ruderhöchstausschlag  von  J  -  25°  nicht  ausgenutzt 
werden  konnte.  Das  neue  Ruder  erhielt  die  Bezeichnung  R  21, 
s.  Abb.  2  g.  Die  -charniennoinente  sind  in  Abb.  7  rechte  Seite, 
die  Ruderwirksamkeitskurven  in  Abb.  8  dargestellt.  Jüan  sieht, 
daß  die  Forderung  des  Herabsetzens  des  negativen  ^charniermo- 
ments  und  die  Verringerung  der  Steilheit  von  ^£3-  erfüllt  wur¬ 
de.  (Lit.  24).  Das  Aggregat  mit  dem  Ruder  R  21  erhielt  die 
Bezeichnung  C2/E3. 


6)  Die  Meßmethoden  und  dje  .Meßergebnisse 

Die  Untersuchungen  im  Windkanal  erstrecken  sich  einmal  auf 
solche  im  inkompressiblen  Unterschall,  wobei  Modelle  von 
/v  1,30  m  Länge  bei  etwa  40  m/sec  in  Kanälen  von  etwa  3  m 
gemessen  wurden.  (Luftschiffbau  Zeppelin  und  Luftfahrtfor¬ 
schungsanstalt  München).  Dabei  wurden  Dreikomponenten—  und 
Schwingungsmessungen ,  Scharnier—  und  Drallmoment enme saunten 
durchgeführt.  Zum  anderen  erstreckte  sich  der  Hauptteil  der 
Untersuchungen  auf  Modelle  von  180,  266  und  315  mm  Länge  im 
Windk&nal  der  WVA  bei  40  cm^  Querschnitt  und  bei  Geschwindig¬ 
keiten  von  etwa  0,4  facher  bis  0,9  facher  sowie  bei  der  1,2- 
fachen,  1,6  fachen,  1,9  fachen,  2,5  fachen  und  2,9  fachen 
Schallgeschwindigkeit.  Auch  im  Lberschallwindkanal  der  >WA 
wurden  Dreikomponenten-  und  Schwingungsmessungen,  Scharnier- 
und  Drallmoment enme ssungen  durchgeführt.  Zur  Ermittlung  der 
Steuermomente  kam  außerdem  eine  neuartige  Nullmomentenmethode 
zur  Anwendung.  Weiterhin  fanden  umfangreiche  Druckverteilungs— 
Messungen  über  die  gesamte  Körperoberfläche  statt, 
a)  Dreikomponentenmessungen 

Das  Modell  wurde  dabei  von  hinten  mit  einem  2-teiligen  Hal¬ 
ter  im  Heckboden  gehaltert,  dessen  erster  Teil  an  die  Waage 
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führte  und  dessen  anderer  Teil  zur  Blendenmessung  diente, 
s.  Abbe  10  a.  Es  wurden  zwei  Widerstandskomponenten  und 
eine  Auftriebskomponente  gemessen.  (Lit.  4,  6,  7,  10,  15). 
In  den  Abb.  11  -  14  sind  die  dimensionslosen  Beiwerte  des 
Widerstands  cw  und  des  Auftriebs  ca  über  der  Machschen 
Zahl  dargestellt.  Der  Verlauf  des  Luftangriffspunktes 
H/D  -  f(M&)  ist  in  Abb.  6  enthalten.  Die  Abb.  15  zeigt 
eine  Abhängigkeit  von  c&  und  cw  über  dem  Anstellwinkel 
el*  .1  im  Unterschall  bei  der  Machschen  Zahl  0,84,  das 
andere  Mal  im  überschall  bei  ida  -  2,92.  Die  Polaren  bei 
den  einzelnen  Geschwindigkeiten  sind  in  den  Abb.  16  und 
17  dargestellt.  Man  sieht,  daß  die  maximalen  Gleitzahlen 
ca/cw  im  Überschall  3,  im  Unterschall  4,4  sind.  Im  Uber¬ 
schall  oberhalb  Ma  ■  1,2  können  die  Gleit zahlen  nur  aus 
den  extrapolierten  Polaren  angegeben  werden,  da  die  Tan¬ 
genten  bis  zu  den  letzten  "'^ßwerten  ihr  Maximum  noch  nicht 
erreicht  haben.  Neben  Kraftmessungen  sind  laufend 
photographische  Ström  oBaufnahmen  mit  der  ochlieren- 
Apparatur  durchgefiih~t  worden.  Sie  geben  ein  qualitatives 
Bild  der  btrömungssusbildung,  s.  Abb.  18. 

b)  ochwintnrngsmegsungen 

Das  Modell  wurde  dabei  im  ochwerpunkt  durch  einen  quer 
zur  Btröaunssrichtung  ausgespannten  Draht,  der  bis  zum 
Körper  durch  ein  Zweiecksprofil  verkleidet  war,  gehalten, 
sodaP  ee  Schwingungen  in  einer  senkrechten  Ebene  ausfüh¬ 
rt?  Amte#  (Abb#  10  b).  Dabei  wurden  einmal  nach  dem  Ab- 
ngen  der  Schwingungen  die  Endlagen  photographiert  und 
.ue  dem  Lichtbild  die  Anstellwinkel  ausgemessen,  zum  ande¬ 
ren  wurden  die  Schwingungen  mittels  Registrierkamera  auf- 
genommen  und  die  Oszillogramme  auf  Momente,  Druckpunkts¬ 
lage,  Normalkräfte  und  Dämpfung  ausgewertet.  (Lit.  17). 

Aus  den  ßchwingungsmessungen  ergaben  sich  folgende  Eigen¬ 
schaften  des  Modells i 

Bei  Verdrehung  des  Tragwerks  um  45?  gegen  das  Leitwerk, 
um  möglichst  geringe  Beeinflussung  der  Ruder  durch  den 
abstrom  der  FläcUen  zu  erzielen,  ist  bei  kleinen  Anstell¬ 
winkeln  Stabilität  vorhanden,  bei  größeren  Winkeln  gibt 
es  jedoch  labile,  .id  bei  noch  größerer  Auslenkung  wieder 
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stabile  Lagen«  Auoh  bei  der  ROokrerdrebung  dti  Tragwerks 
auf  A  f  m  o°  treten  bei  höhsren  Anstellwinkeln  iviao^i 
Ä  -  15°  und  cc  -  30°  eben  kt  rirtisehe  Änderungen  rm*  ..  * 
auf  t  wenn  die  Anströmng  unter  f  •  43°  erfolgt*  Diese  Sa* 
derungen  sind  z*T*  derart  9  daß  die  positiv#  Charakteristik 
in  eine  negative  Ubergeht  und  anschließend  wieder  ihr  Ter* 
seichen  wechselt*  Bein  Ruderanstellwinkel  0°  ist  der  Bhv 
per  dabei  immer  stabil*  Verden  die  Ruder  jedoch  angestellt 9 
dann  entstehen  momentenfreie  Körperlagen  mit  stabiles  oder 
labilem  Gleichgewicht*  Die  Abb*  9  seigt  einen  solchen  Fall 
bei  der  Unterschallgeschwindigkeit  von  Xa  .  091  an  eines 
großen  Modell  von  v  1,50  n  Länge*  Hier  ist  su  erksnnen9 
daß  bis  zu  einem  Ruder&nstellwinkel  vpn'p  m  -  6^  noch  immr 
Punktstabilität  des  Geräts  vorhanden  ist  trots  des  Vorsei* 
chenwechsels  der  Tangente  beiOC  •  19,9°,  daß  jedoch  schon 
bei'p«-  7°  drei  momentenfreie  Lagen,  nämlich  OC  -  14*5° 9 
0C-  22,6°  und  OC  -  26°  auftreten*  Ss  sind  die  gleiohen,  dis 
an  den  kleinen  Modellen  gemessen  wurden  und  in  der  Abh*  8 
für  Ma  ■  0,4  in  der  OC  ■  f  (ip)  Kurve  su  erkennen  sind*  Zn  der 
mittleren  momentenfreien  Lage  herrscht  labiles  Gleichge¬ 
wicht  .  Für  den  Flug  des  Geräts  ist  dieser  OC  -Bereich  jedoch 
unwesentlich*  Bei  der  Anströmung  unter  y  -  0°  treten  der¬ 
artige  S -Schläge  in  diesen  Winkelbereichen  nicht  auf* 

In  Abb*  9  unten  sind  je  zwei  Homentenkurven  bei  Ma  •  1,86 
und  2,92  dargestellt,  die  die  Momentenbeiwerte  bezüglich 
zwei  verschiedener  Drehpunkte  angeben.  Sie  wurden  durch 
Auswertung  der  Oszillogramme  nach  einer  besonderen  Parabel— 
methode  (Lit*  21)  erhalten*  Man  sieht,  daß  die  Kurven  in 
einem  Bereich  hisOC  »  10°  annähernd  linear  verlaufen* 
c)  Nullmomentenmessungen 

Das  Modell  ist  dabei  ebenfalls  um  eine  senkrecht  zur  Strö¬ 
mungsrichtung  befindliche  horizontale  Ächze  gelagert,  die 
sich  jedoch  im  Innern  des  Modells  an  einem  Halter  befindet, 
der  durch  das  Heck  in  das  Modell  von  hinten  eingeführt  ist* 
(Abh.  10  c)  (Lit.  27)  Diese  neue  Anordnung  hat  den  Vorteil, 
daß  keinerlei  Störungen  durch  seitliche  Halterung  auf  das 
Modell  übertragen  werden  können*  Das  Modell  hat  zwar  nur 
wenig  Spiel,  ee  sollen  lediglich  damit  die  momentenfreien 
Lagen  des  Körpers  featgestellt  werden,  bei  denen  sich  das 
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Modell  im  aerodynamischen  Gleichgewicht  befindet.  Befindet 
sich  also  die  Achse  genau  im  Schwerpunkt  des  Modells t  durm 
wird  es  sich  mit  dem  Anstellwinkel  OC  -  0°  einetellen,  wenn 
es  beioc  ■  0°  puhkt stabil  ist,  d.h.  daß  sich  der  Druckpunkt 
hinter  dem  Schwerpunkt  befindet.  Denn  das  aerodynamische 
Moment  verschwindet,  wenn  entweder  Normalkraft  oder  Luft— 
krafthebe lärm  ■  0  ist.  Gibt  man  andererseits  ein  mechani¬ 
sches  Moment  durch  Anbringung  von  zusätzlichen  Gewichten 
vor,  sodaß  also  Drehpunkt  und  Schwerpunkt  nicht  zusammen¬ 
fallen,  so  wird  sich  der  Körper  in  eine  andere  Ruhelage 
einstellen.  In  dieser  sind  das  aerodynamische  und  das 
mechanische  Moment,  deren  Drehsinn  natürlich  entgegenge¬ 
richtet  sein  muß,  gleich.  Da  diese  Ruhelage  Je  nach  der 
Größe  des  vorgegebenen  mechanischen  Momentes  bei  Jedem  be¬ 
liebigen  Anstellwlr^el  sich  einstellen  kann,  ist  es  not¬ 
wendig,  den  Halter  in  seiner  Lage  zur  Strömungsrichtung 
zy  verfahren.  Er  befindet  sich  zu  dem  Zweck  am  gleichen 
Segpnent,  das  zur  Dreikomponentenwaage  führt,  und  dessen 
Anstellwinkel  verändert  werden  kann.  Der  Anstellwinkel  wird 
dann  während  des  Blasens  solange  verfahren,  bis  das  Modell 
sich  von  der  Anlage  am  Halter  loslöst  und  frei  um  den  Hal¬ 
ter  spielt.  Mit  dieser  Methode,  bei  der  man  die  stabilen 
Gleichgewichtslagen  auf  -  1°,  aber  auch  die  labilen,  mo- 
mentenfreien  Punkte  auf  etwa  ^  2°  bestimmen  kann,  erhält 
man  in  relativ  kurzer  Zeit  genaueste  Messungen  der  Druck¬ 
punkts  läge  und  Wirksamkeitskurven  der  Luftruder.  In  letzte¬ 
rem  Fall  werden  die  Ruder  von  Grad  zu  Grad  angestellt  und 
dabei  der  Anstellwinkel  der  Gleichgewichtslage  des  Körpers 
gemessen.  Bei  der  Ermittlung  des  Druckpunktes  kann  mit 
einer  Genauigkeit  von  -  1/10  Kaliber  gerechnet  werden.  Den 
auf  diese  Weise  ermittelten  Verlauf  der  Luftangriffspunkte 
über  dem  gesamten  Geschwindigkeitsbereich  zeigt  die  Abb.  6. 
Hier  ist  H/D  über  der  Machschen  Zahl  auf ge tragen.  Die 
schwach  eingezeichneten  Werte  aus  der  Dreikomponentenmessung 
und  der  Parabelmethode  sind  mit  geringerer  Genauigkeit, 
die  etwa  -  1/4  Kaliber  beträgt,  zu  werten.  Man  sieht,  daß 
die  Druckpunktskonstanz  hinreichend  gut  durch  die  Kombina¬ 
tion  von  Körper,  Trag-  und  Leitwerk  erreicht  worden  ist. 

Daß  eine  stärkere  Druckpunktswanderung  an  dem  Körper  mit 
Leitwerk  allein  stattfindet,  zeigt  die  .ibb.  6  unten,  die 
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den  H/D-Verlauf  über  der  Machschen  Zahl  beim  Anstellwinkel 
OC"  8°  an  dem  flügel stabilisierten  Aggregat  A  4  V  1  P  dar¬ 
stellt,  dem  Ja  die  Flakrakete  Wasserfall  bis  auf  die  Flügel 
weitgehend  geometrisch  ähnlich  ist. 

d)  DruckverteilungsmesBuntTftn 

Um  den  Konstrukteuren  die  Unterlagen  zur  Konstruktion  der 
Zelle  zu  liefern,  ist  es  notwendig,  die  Drücke  über  die 
gesamte  Oberfläche  des  Körpers,  der  Tragflügel  und  deB 
Leitwerks  zu  kennen.  Es  werden  deshalb  DruckverteilungB- 
messungen  an  allen  Punkten  der  Modelloberfläche  im  Unter- 
und  Uberschall  durchgeführt,  die  einen  erheblichen  Arbeits¬ 
aufwand  erfordern.  Im  Uber-  und  Unterschall  -  soweit  letz¬ 
terer  im  hiesigen  Windkanal  gemessen  werden  kann,  etwa  von 
Ma  -  u,4  bis  Ma  -  0,9  -  wird  dabei  ein  besonderes  Halbmodell 
(Abb.  10  d)  benutzt,  um  die  von  den  120  Bohrungen  ausgehen¬ 
den  Luftröhrchen  möglichst  ohne  Störung  der  Strömung  nach 
außen  an  die  Manometer  zu  führen.  (Lit.  3)  Aus  der  Druck¬ 
verteilung  werden  durch  graphische  Integration  der  Drücke 
über  die  Oberfläche  Normal-  und  'Tangentialkräfte  berechnet. 
Nachdem  die  Oberflächenreibung  rechnerisch  abgeschätzt  ist, 
kann  sie  zum  Widerstandsanteil  aus  der  Druckverteilung 
addiert  und  die  Summe  mit  dem  Widerstand  aus  der  Kraftaessux^ 
verglichen  werden.  Für  die  Normalkräfte  spielt  die  Oberflä¬ 
chenreibung  besonders  bei  den  hier  infrage  kommenden  schlan¬ 
ken  Körpern  nur  eine  geringe  Rolle.  (Lit.  5)  Die  Ergebnisse 
der  für  die  Wasserfallrakete  durchgeführten  Druckverteilungs- 
messungen  sind  in  den  Berichten;  Lit.  14,  19,  22  festgelegt. 
Die  Abb.  5  zeigt  die  Druckverteilung  längB  des  gesamten 
Aggregates  bei  zwei  Geschwindigkeiten  im  kompressiblen  Unter- 
und  im  Uberschall  bei  verschiedenen  Anstellwinkeln.  M*n 
sieht  die  ausgesprochen  starken  Kräfte,  die  auf  Flügel  und 
Leitwerksvorderkante  im  Unterschall  liegen.  Im  Überschall 
dagegen  ist  mit  steigender  Machscher  Zahl  eine  zunehmende 
gleichmäßigere  Verteilung  auf  allen  Flächen  zu  erkennen. 

Für  die  Konstruktion  des  Luftruders  war  es  wichtig,  die  Ver¬ 
teilung  der  Oberflächenkräfte  auf  ihm  zu  kennen.  Es  wurde 
deshalb  an  einem  besonderen  Teilaodell"  mit  wesentlich 
größerem  Ruder,  wie  es  auch  für  die  Messung  der  öcharnier- 
momente  benutzt  wurde,  (s.  folgenden  Abschnitt)  die  Druok-  ! 
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Verteilung  auf  Luv-  und  Leeseite  an  einer  größeren  An¬ 
zahl  von  Anbohrungen  gemessen.  (Lit.  22).  Diese  Messungen 
gaben  wesentliche  Hinweise  für  die  endgültige  Formgebung 
des  Ruders.  Die  Abb.19  zeigt  als  Beispiel  eine  Isobaren- 
darstellung  über  der  Ruderfläche. 

e)  Die  Drall-  und  öcharniermomentennessung 

Eine  wesentliche  Vorbedingung  Tür  den  einwandfreien  Flug 
der  Rakete  ist  ihre  Drallfreiheit.  (Lit.  18)  D.h.  es  muß 
vermieden  werden,  daß  die  Rakete  sich  um  ihre  Längsachse 
drehen,  und  damit  in  eine  gefährliche  Resonnanz  mit  ihrer 
Huerschwingungsfrequenz  kommen  kann.  Das  würde  zu  Taumel¬ 
schwingungen  (Lit.  28)  führen.  Außerdem  vertragen  die  elek¬ 
trischen  Einrichtungen  der  Üteuermaschine  keine  Drehung  des 
Aggregates  um  die  Längsachse.  Die  aerodynamischen  Kräfte, 
die  den  Drall  erzeugen,  entstehen  einmal  durch  die  Unsym¬ 
metrie  des  Gerätes,  da  Trag-  und  Leitwerksflächen  niemals 
sb  genau  hergestellt  werden  können,  das  andere  Mal  durch 
die  Schiefanblasung  von  Leitwerk  und  Flügelkreuz  bei  An¬ 
stellwinkeln. 

Für  die  Drallmessungen  wurde  ein  besonderes  Drallmeßmodell 
angefertigt,  das  ähnlich  dem  Kullmomentenmodell  von  hinten 
im  Innern  gehaltert  wurde.  Als  Meßelement  war  ein  Torsions¬ 
draht  längs  der  Körperachse  durch  den  durchbohrten  Halter 
hindurch  gespannt,  mit  dem  die  Drallmomente  durch  geeichte 
Drehung  auf  Null  kompensiert  werden  konnten.  (Lit.  18). 
Messungen  des  durch  Unsymmetrie  der  Flügel-  und  Leitwerks- 
flächen  erzeugten  Dralls  zeigten  eine  Abhängigkeit  des 
Dralls  nach  Abb.  20  rechts,  in  der  bei  Ruderanstellwinkel 
0°  alle  Flächen  gleichsinnig  um  2°  gegen  die  Körperachse 
angestellt  wurden«  Die.  Abb«  20  links  zeigt  die  Meßergeb¬ 
nisse  bei  einem  normal  hergestellten  Modell  mit  im  Gegen¬ 
sinn  ausgeschlagenen  Luftrudern,  auffällig  ist  die  beson¬ 
ders  starke  Wirksamkeit  der  Drallsteuerung,  obgleich  der 
Hebelarm  Körperachse-Ruderdruckpunkt  nur  etwa  1  Kaliber 
beträgt.  Zur  geforderten  Aussteuerung  der  Drallmomente 
durch  öchränkfehler  ist  also  nur  etwa  der  zehnte  Teil  des 
geforderten  Höchstluftruderausschlages  (Jm  2°)  nötig. 
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Die  Schar niermome nt e,  auf  deren  Größe  und  Bedeutung  im  /Ab¬ 
schnitt  5*  der  sich  mit  der  Luftruderentwicklung  befaßt, 
schon  eingegangen  wurde,  wurden  im  wesentlichen  an  einem  Teil¬ 
modell  gemessen.  Da  die  Luftruder  an  den  Modellen  normaler 
Größe  für  den  40  x  40  cm  Kanalquerschnitt  relativ  klein  sind 
(nur  1  bis  2  cm2)  und  damit  nur  absolut  kleine  Momente  er¬ 
zeugen,  verzichteten  wir  bei  der  Messung  auf  die  Anwesenheit 
des  ganzen  Körpers.  Es  wurde  lediglich  die  feste  Leitwerks- 
f lache  mit  einem  Körperstück  ir  den  nuftstrom  gebracht,  an 
der  das  Ruder  an  einer  nach  außen  durchge führten  Achse  be¬ 
festigt  wurde.  Mit  dem  Maßstab  dieses  Modells  1:10  wäre  der 
ganze  Körper  etwa  80  cm  lang  geworden.  Diese  Größe  war  je¬ 
doch  nicht  tragbar.  Da  die  außen  liegenden  Luftruder  s-.hr 
wenig  durch  den  Körper  beeinflußt  werden  durften,  wurde  drr 
Körper  vor  dem  Leitwerksbeginn  abgebrochen,  0*.bb.  10  e)  Die  | 
Ruderfläche  von  etwa  35  cm2  ergab  damit  ausreichende  Momente,  \ 
die  unmittelbar  durch  mechanische  Gewichtrsauflegung  außer-  ! 
halb  des  Luftstroms  kompensiert  werden  körnten.  Entsprechende  ! 
Messungen  an  einem  Halbmodell  normaler  Größe  ( tbb.  IC  f)  er-  | 
gaben  hinreichend  gute  Übereinstimmung  mit  den  obigen  Messun¬ 
gen.  (Lit.  13) 

ügj?  Einfluß  des  otrahls  auf  die  aerodynamischen  Eigenschaften 

Der  Einfluß  des  Strahls  auf  den  ..idorstand  wird  sich  genau  wie 
bei  dem  Körper  A  4  in  einer  Erhöhung  im  Unterschall  und  einer 
Verringerung  im  Uberschall  bemerkbar  machen.  Für  die  Grcße  der 
Beeinflussung  dürfte  neben  der  Heckausbilduug  das  Verhältnis 
von  Fluggeschwindigkeit  zu  Strahlgeschwindigkeit  eine  Rolle 
spielen.  Obgleich  hierüber  für  den  v.asserf allkörper  noch  keine 
Messungen  vorliegen,  läßt  sich  sagen,  daß  an  dem  Heckogival  ' 
durch  den  austretenden  .Strahl  im  Um, erschall  erhöhte  Geschwin¬ 
digkeit -mit  erniedrigtem  Druck,  also  Sog  auftritt.  Im  Uberschall 
dagegen  wird  durch  das  Aufblähen  der  Grenzschicht  eine  frühere 
Ablösung  der  Strömung  erreicht  und  der  hruck  auf  dem  Heckogival 
erhöht,  was  den  Druckwiderstand ^verringert.  Die  frühere  .Able¬ 
sung  der  Grenzschicht  ist  im  wesentlichen  auf  die  Entstehung 
des  Verdichtungsstoßes  zurückzuführen,  der  Lein  Zusammentreffen 
der  den  Körper  umströmenden  Luft  mit  den  im  Ui.tcr-’iuck  rrwei- 
terten  Antriebsstrahl  (Glocke)  e:.«:cl-ehl.  In.  bc  Lug  auf  Israel- 
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kräfte  und  Luftangriff spuhkt  kann  nooh  nlahta  endgültige* 
ausgeaagt  werden. 

£s  wurda  ain  Versuch  alt  austretendem  Prefiluft strahl  m  Oh mp- 
schall  an  einem  Modell  nach  der  Schwingung amethode  gemacht» 
bei  dem  die  Preßluft auführung  mittels  Labyrlnthdiektung  durch 
die  Drehachse  stattfand«  Bel  den  durch  die  geringe  QrtSa  des 
Modells  bedingten  experimentellen  Schwierigkeiten  kommt  dien 
sem  Versuch  nur  qualitative  Bedeutung  su«  Dabei  wurde  keine 
Veränderung  der  fiuderwirksamksit  bemerkt«  Das  würde  bedeuten* 
daß  eine  Druckpunktsbeeinflussung  nicht  etattf ladet»  besw» 
daß  die  Luftruder  -  im  gleichen  Maße  wie  der  Druckpunkt  -neb 
rückwärts  verlegt  wird  -  infolge  der  Injektorwirkung  besieg 
vom  freien  Luftstrom  beaufschlagt  werden« 

Die  aerodynamische  Dämpfung  jedoch  ist  -  wie  auch  früher  an 
anderen  Strahlmodellen  im  Unterschall  festgestellt  -  größer 
mit  iustretendem  Strahl«  Als  Dämpfungswert  am  Modell  ohne 
Strahl  wurde  etwa  der  Wert  cd  •  3  gefunden  als  Mittel  im  ge- 
samten  Geschwindigkeitsbereich«  Überschlägige  Versuche  mit 
dem  Strahlmodell  bei  Ma  •  2» 5  zeigten  eine  Dämpfungssunahme 
von  etwa  30  #«  (Lit«  20)« 

8)  Pie  Temperatur  d«r  Oberfläche  beim  Ubaraohall 

Zur  Vervollständigung  des  Berichtes  über  die  im  Unter»  und 
Übersch&llgeschwindigkeitsbereich  durchgeführten  Strömung»» 
Untersuchungen  sei  noch  die  folgende  thermodynamische  Unter¬ 
suchung,  die  für  die  Flakrakete  Wasserfall  bei  der  WVA  durcü- 
geführt  wurde,  angeführt! 

Die  Erwärmung  der  Oberfläche  beim  Fluge  des  Körpere,  die  ein¬ 
mal  durch  Abbremsung  der  Luft  an  Staupunkten,  supi  anderen  Mal 
durch  Helbung  an  der  Oberfläche  etattf  lndet,  er  saugt  eine 
Bremstemperatur  in  der  Grenzschicht,  die  ihre  Wärme  durch 
Leitung,  Konvektion  und  Strahlung  ap  das  Behäutung eble oh  ab¬ 
gibt«  Die  Kenntnis  der  auf tretenden  Blechtemperatur  ist  not¬ 
wendig,  um  Material  mit  der  entsprechenden  Warmfestigkeit  su 
wählen«  Die  grundlegenden  Untersuchungen,  die  früher  für  das 
Aggregat  A  4  durchgeführt  wurden  (Lit«  29)»  konnten  jetzt 
auch  auf  die  Flakrakete  angewandt  werden« 
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Die  Temperaturerhöhung  des  bleche,  die  a^f tritt,  ist  Gegeben 
durch  die  Energiergleichung  Tß  * ^2/  -#■  cA  ,  wobei  T^,  die 

Umgebungstemperatur ,  v/  die  Geschwindigkeit,.  c  die  spezifi¬ 
sche  ..arme,  g  die  iäidbeschleunigung,  aas  mechanische  Wärme¬ 
äquivalent  bedeuten  und  c  ein  Faktor  ist,  der  im  Vindkanal 
ermittelt  wurde,  c^  nimmt  in  technischer.  LlaDsystem  den  «<ert 
1000  an.  c  ist  im  indkanal  in  Abhängigkeit  von  der  Machschen 
Zahl  gemessen  v.ordon.  Der  Temperaturverlauf  in  der  Grenz¬ 
schicht  ist  in  Abb,  21  dargestellt,  .aus  v'/ärmeübergangsmessun— 
gen  im  Windkanal  konnten  die  Elechtemperaturen  ermittele  er¬ 
den,  die  ebenfalls  in  Abb,  21  in  Abhängigkeit  von  der  Flug¬ 
zeit  dargestellt  sind. 


Bei  den  auftretenden  hohen  Temperaturen  war  es  notwendig, 
festzuste1 len,  wie  weit  der  in  der  Spitze  liegende  Spreng¬ 
stoff  vor  ’em  wärmeeinmarsch  geschützt  werden  konnte,  Wr iter- 
Mn  war  für  eine  Glasspitze  des  Gerätes,  die  einem  Zielsuch¬ 
en  rät  diente,  bezw.  für  einen  optischen  Zünder  gedacht  war, 
der  Wärmeeinmarsch  durch  die  Glasschicht  zu  berechnen.  Die 
Untersuchungen  sind  im  Bericht  (bit.  8)  niedergelegt. 
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München  8  B8,  Poat  Off  loa  Box  Bo«  60 


München,  88*11-1944 


Arnold 


Et:  ftatsm 
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A  dl fftWBM  tlllBM  tof  mmmmwUmm  fttr «•« 
ln  tfeo  wind  tunnol 


Sssaa 

1«  Prlnolplo  of  ih«  dlfforonoo  biluM« 

8«  Adj«illi|  oondltlon  of  tho  brl4|« 
fw  »easurlng  tho  olootrlcal  r# 
alatanoo* 

5«  Kxoeutlon  of  tooto  mnd  maiurcMiUf 
4«  SvniX7« 
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Tb#  raport  66/148  (ob  tha  uaa  of  alaetro-magnatlc  ayatama  of 
preaaura  maaaurlng  boxas  aa  tha  maana  of  maaaurlng  in  tha 
balanca)  abowod  briafly  tha  auitabllity  of  the  alactro-mag- 
natle  ayatama  of  praaaura  maaaurlng  boxas  for  meaaurenanta 
of  fbrea«  In  partlcular,  tha  syatam  of  tha  X  Box  wlth  a 
lamlnatad  Ku-Matal-Core  (Topfkam)  acta  vary  wall  ln  raapact 
of  tha  atraightnasa  of  tha  gauga  curva,  tha  aanaitivity  and 
tha  indapandanea  of  tha  tamparatura •  Tha  aanaitivity  can  ba 
ineraaaad  by  ualng  tha  aacond  box  alao  aa  a  maaaurlng  box  ln 
tha  brldga  • 

1)  Prlncipla  of  tha  diffaranca  balanca» 


Tha  prasant  maaaurlng  practica  ln  tha  wind  tun  na  1  glvaa  two 
maaauramaats  (main  and  dlaphragm  maacuramanta)  tha  diffaranca 
of  whleh  than  glvaa  tha  trua  forcaa  on  tha  modal  undar  axaml- 
natlon«  Thla  maaauramant  bacomaa  mora  lnaccurata  tha  amallar 
tha  dlffaranea  batwaan  tha  main  and  dlaphragm  maaauramant  ln 
s  glvaa  maaaurlng  accuracy. 


If  tha  »aln  maaauramant  H  and  tha  dlaphragm  maaauramant 
B  aro  moaaurad  wlth  a  pareantago  inaccuracy  of  p  )(,  tha 
dovlotlofö  iiotmts  to  H«p  or  B.p.  1ha  parcantaga  arror  of  tha 


dlfforameo  H 


H*P 

135 

B  baeomaas 


B«P  » 


100(TB&  * 

— in — *  °r 


In  ordor  to  avaluata  fchls,  lat  tha  main  maaauramant  ahow  a 
daflacties»  of  100  Skt  and  tha  dlaphragm  maaauramant  of  90  Skt 
moaaurod  with  am  accuracy  of  Tha  maaaurlng  aecur&cy  of 

tha  dlffas*afö?a  6  •  B  3  10  li  than  8*190  %  *  38%  •  Tha  maaaurlng 

1Ö 

♦fror  of  «ha  diffaranca  lncraaaaa  thua  by  thaaa  probabla 
flguraa  droughout  up  to  approxlmataly  80  tlmaa  tha  amount» 

Thla  lad  to  tha  idaa  of  flndlng  tha  diffaranca  electrically 
ln  tha  raaiatanoo  brldga»  For  thla  purpoaa,  lt  la  nacaasary 
to  hava  avallabla,  for  tha  maaaurlng  of  ona  eomponant,  two 
apring  ayatama,  ona  of  which  maasuraa  tha  forcaa  at  tha  sag« 
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ment  and  hold«?,  vhll«  th«  oth«r  m«aaur«a  th«  total  forc«* 
Cons«qu«ntly#  th«  ««gnant  and  mod«l  hold«r  must  eonalat  of 
two  «quäl  parta  ln  r«ap«ct  oT  th«  aarodynamlc  bahavior,  ao 
that  th«  foro«a  at  th«a«  parta  ar«  «quäl  during  th«  blowlng 
proce ss.  To  b«  more  lndop«nd«nt  of  th«  alz«  of  th«  r«- 
aultant  forward  load,  both  spring«  must  poaa«aa  «xactlj  th« 
«am«  charaot«rlatioa • 

2)  Ad jus t Ina  oondltlon«  of  th«  r«alatanc«  brldz«« 

A«  lt  waa  n«o«aaary  to  aynohronla«  th«  brldg«  quick ly 
wlth  th«  almploat  and  l«aat  poaalbl«  handllng,  t«ata  w«r« 
mad«  to  find  out  whleh  lnflu«ne«  mad«  an  alt«ratlon  of  th« 
llnka  of  th«  brldg« • 

Sach  aprlng  waa  provided  wlth  twor  box«a  to  lncr«aae  th« 
s«n«ltlTlty  (compar«  roport  66/142  p.  4)*  Th«  box  ayst«m  of 
th«  a«cond  aprlng  acta  ln  th«  brldg«  r«slatanc«  ln  th«  op- 
poalt«  s«ns«.  In  «ach  of  th«  four  brauch««  of  th«  brldg« 
ll«a  an  Induc tano«  cor«  L  wlth  a  flx«d  Oha  r«a latanc«  portlon 
R*  Th«  condition  for  th«  aba«nc«  of  t«nalon  ln  th«  brauch 
of  th«  b 


(R4-Kfjvt4)«(R2%j«Le)  (Rg  +  Jwlg) 


Aa  a  atandard  for  daaynchronlalng  tha  brldg«,  tba  alaa  of 
tba  brldg«  datanilnant  aarraa  whleh  ln  th«  eaa«  ln  quaatlon  lat 

»*  <Rg  +  JwLg)(R»  +  Jwlg)  -  (Ri  +  Jwtl)(R4  + JwL4) 

■  RgRg  -  R1R4  -  -  L1L4) 

+Jw(R3Ls  R8Lg  -  R«Li  -  R1L4) 

*  A  +  J1 

Th«  d«t«ralnant  oan  b«  diwld«d  Into  an  actual  portlon 
A  »  RgRg  -  RiRg  -  w*Ogtg  -  I1I4) 
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*1 


and  aa  ijMfinMy  portloat 

B  *  "(KgLg  +  Bglg  -  B4LX  -  »XI4} 

Tha  «is«  «if  tha  brldga  datanalmant  than  glraa  ln  tha  AjJB 
lml  di  die  tan oa  fron  th#  boglnnlng  polat  of  tha  eoordlnat# 
and  la  thaa  th»  atamdard  for  tha  daeymahronlsatlon.  1ha 
brldga  ia  than  aymehronlaad  if  tha  brldga  de tarn lha» t  ls  saro. 


Tha  eondltlon  of  adjnatnant  eaa  ba  falflllad  by  a  variable 
brldga  Hak»  Tha  loaua  ourve  ln  tha  AjB  lavel  baat  pap re- 
dueea  tha  Influenae  ef  thla  variable  ln  tha  brldga  eondltlon. 
Tha  noet  alnpla  ara  tha  ahaagaabla  eontaet  realataneea.  Tha 
locus  ourve  for  ahaagaabla  K  la»  for  exanple»  a  atralght  11  na 
wlth  tha  axle  aeetlon. 

^2R3  -  -fj  (R,Utß2Lj  -Ra.)-w*(Lxif-*,i4 


at  tha  A  axla  and  > 

£-.to  {BfU***i*-«4L,-|ft  [R,ß,-«I(L2L3-L(L4)J  j 

at  tha  JB  axla.  Tha  lnellnatlon  of  thla  atralght  llna  la  thant 

*'  ^jU+RiU  -£.M  «*>»(  u 

Tha  Inallnatlon  of  tha  approprlata  loeua  cutto  at  tha  rar lab la 

V*‘‘  <^».»*4  Wfr 

Ki«j  -  §■  (R»u+  RiLj-R,  14  )  -  W*  (LtL,- l,  W) 

Aa  and  lg»  aa  wall  aa  and ^£4  ln  tha  foragolng  caaa  ara 
not  very  different.  Tha  incllnatlona  of  both  atralght  llnaa 
do  not  dlffar  very  auch  froa  aaeh  other. 


Th#  Synchronisation  of  tha  brldga  followa  by  ehang Ing  a 
link  of  tha  brldga»  l.e.  #  mlnlaua  la  aought  on  tha  approp¬ 
rlata  loeua  llna»  whlch  la  than  apparantly  raaehad  by  flndlng 
tha  nadlr  of  tha  parpandlcular  fron  tha  baglnnlng  of  tha  00- 
ordlnataa  at  tha  looua  llna. 

Tha  ragulatlng  aceuracy  dpenda  on  tha  aenaltlvlty  of  tha 
Circuit.  Tharaupon»  wlth  tha  halp  of  a  aaoond  changaabla 
Circuit»  a  nav  nlnlnun  la  found  and  ao  on»  and  thua  auooanlTaly 
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approachaa  tha  final  aynohronlsatloa  (brldga  datamlnaat  D 
•quäl  to  zaro)*  Th«  aora  oft«*«  ona  approaahaa  tha  b<|l«nli| 
of  tki  eoordlnating  polnt  with  ona  stap,  tha  qulakar  tha 
aynohronlzatlon  1s  brought  about* 

ftia  atandard  for  tha  eonvarganea  of  tha  bridga  ajaehronixatlon 
aocording  to  Kapftaflllar  las 


*  *  §5  *  aoa  (dl  -  dg) 

Mot«  di  dg,  ao  tha  aonTargamea  ia  «xtraordlnarllj  bad* 
(Plan  2) 


Zf  thia  la  nada  varlabl«  ln  relation  to  Li#  tha  loeua  llna 
outa  out  tha  aaotiona:  «* 

cv*R2R3-R.R4-‘9*CLtL,'  kf  (  -  R,L* 

An  w (R,LZ* Rj Lj  ”R| L*  'ätij** L, L,)} 


«4 


^  L*  (Rj  La+R«.Lj*R|  tg)Q 

The  inolinction  wtth  the  variable  li  ia  evldently  easentially 
different  frotn  the  inclinations  of  the  looua  linea  with  the 
variable  Ry  or  Rg.  Here«  the  convergence  ia  better  (Sect.  3) 

For  the  Circuit  in  queetion,  k  haa  approxlmately  the  value 
0*3,  i«e«  that  after  approxlmately  4  edjuetaenta,  the  current 
in  the  bridge  diagonal  has  fallen  to  the  twentleth  part  of  lta 
initial  value  (4.k  log  20). 


3)  gsoeutloi*  o f  teata  and  aeaaurewenta . 

Zn  practica,  the  variable  I.  was  repreaented  by  a  aaall 
wund  up  coli.  Inte  whloh  an  Iren  screw  could  be  more  or  leaa 
turaed.  The  ehangeable  reslatanoe  was  aa  uaual  a  oontact 
wire  bodjr»  Two  atretched  p lates  of  the  usual  klnd  of  iron 
and  measurlng  130  x  60  x  10  am  were  used  ln  an  laprovlsed 
fern  as  springe  •  The  aeasureaenta  were  checked  aa  aecurately 
aa  poaaible  fbr  both  platea •  The  defleotlon  of  the  platea 
awounted  to  0.14  na  under  a  load  of  10  kg«  On  the  front,  the 
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welght  holders  wer«  acrewed  up.  The  mir  chlnka  of  the  four 
boxe«  were  made  «•  accurataly  aqual  «•  poselble.  Aa,  ln 
«pite  of  thla,  the  bending  of  the  «prlng«  wes  not  abaolutely 
equal  and  amall  dlfferencea  occured  ln  the  alsea  of  the 
chlnka,  the  head  aerew  of  the  one  aprlng  waa  extended  and 
provlded  wlth  aeveral  wedge  ahaped  nuta,  whlch  could  be  put 
into  the  welght  holder.  By  adjuatlng  thla  aerew ,  a  completely 
equal  deflectlon  of  the  aprlng  can  be  achieved.  Ihere  then 
occura  a  anall  hyatereala  of  the  aprlng  of  approxlmately  2  to 
1%  by  Increaalng  and  decreaalng  the  load,  whlch  can  probably 
be  explained  by  the  atretchlng  of  the  aprlnga  aa  wlth  the 
aorlnga  ln  the  wind  tunnel .  By  relaxlng  thla  attachment,  thla 
hyatereala  dlaappeara  wlthln  the  aaxlmum  aeaaurlng  ränge  of 
30  kg. 

Meaaureaents  were  made  wlth  different  alr  chlnka  and  for- 
ward  loada.  Aa  an  example,  gauge  llnea  were  repeated  for  each 
box  wlth  chlnka  of  1  and  2  am.  The  aeaaurlng  polnta  were 
taken  wlth out  forward  load,  and  at  2  kg  and  6  kg.  (Plan  4) 

4)  Suaaary . 

A  balance  arrangenent  for  force  aeaaureaenta  ln  the  wind 
tunnel  la  deacrlbed,  whlch  la  dealgned  to  bulld  up  the  dlf- 
ference  between  aaln  and  dlaphragn  aeaaureaenta  by  an  eleo- 
trlcal  aethod  ln  a  realatanoe  brldge.  For  the  detemlnatlon 
of  the  foroo,  only  one  aeaaurement  la  thua  neceaaary.  Aa 
oppoaed  to  the  foraer  aethod  of  separately  taklng  the  nein 
aeaaurement  H  and  the  dlaphragn  aeaaureaent  B,  the  aeaaurlng 
aocuracy  la  oonalderably  Inoreaeed.  The  aeaaurlng  error  of 
both  aethods  dlffere  by  the  faotor 


H  4-  B 

T-r? 


The  eonditlone  of  adjustaent  for  a  rapid  and  exact  adjuataeat 
of  the  brldge  are  deduced .  A  aaall  variable  induotlvlty  auat 
etlll  be  connected  into  a  brauch  of  the  brldge  near  a  variable 
realatanoe. 

The  dlfferenoe  balanoe  haa  been  exper latent ally  teeted  ln 
two  provlalonal  aprlng  errangeaents • 
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0TCA8IZ-TI0K  CHART  FOR  ELECTROWECHASSCHE  WERKS  Karl»hag«n  Oct.  1944 

GKNKRAL  1UHAGEHEHT 


Origftniy.fl.tlon  o f  the  Eleotromeohanlgohe  Werke  Peenemünde  East 


Diatributed  to  oertain  members  of  the  ataff  of  thi'g  Organ¬ 
isation  was  an  Organlzations  Plan,  several  oopies  of  whlch  oame 
int©  out  hande.  • 

The  framework  desorlbed  below  is  that  detailöd  in  the  Organ- 
isatlons  Plan  d&ted  the  Ist« Oot ober 1944*  Some  500  en*;loyees  of 
the  total  of  4500  were  housed*ln  the  Oivisional  Headquarters  at 
Garmisch-Partenkirchen* 

The  Organization  was  arranged  aooordlng  to  a  decimal  system 
in  five  main  dep&rtments  eaoh  department  beiiig  sub-divided  into 
seetions ,  and  «ub-seotions*  The  head  of  &  department  would  boar  a 
single  uumbtr  mich  as  KW2,  the  head  of  a  seotlon  EW23  and  a  head 
of  a  «ub-eeotion  11/235*  The  rank:  and  file  were  denoted  by  four 
f Igore  zmmbers»  The  organiz&tien  was  asfollows; 


1«  Management* 

2»  Development*  21  Design 

22  Eie  o tro-te ohni oal  work 

23  Ground.  Apparatur 

24  Progress 

31  Preparatory  absembly 

32  Bweotion 

33  Stores 

34  General  Assembler 

41  Experimental 

42  Power  Unit  teste 

43  Gontrols  and  Test  apparatus 

44  instrustlonal 

51  Orders  nnd  allooatlon 

52  Aooounts 

53  Staff 

The  detailed  org&nization  of  one  seetlon  of  Department  2  is 
shown  on 

Diagram  number— — 


3*  Works 


4«  Test 


5*  Purehase 
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The  Organisation  of  tho  Slektro  ileohanaohe  Werke  ln  efieot 
at  JCarlshagen  in  Ootober  1944  was  aa  follows; 

Superrialon-General  öormberger  and  Jtaff. 

The  firm  was  devlded  ander  Prof.  v.  Braun  into  six  dep- 

artnexits« 

U)  Development  (3)  Production  (4)  Tasting  (6i  General  Mm 

{ 6 }  Accounts* 

1^  The  D^loment  Department  (2)  ander  Dornberger  was  further 
divl&ed  into  3  seotions* 

( Danaeburg i  ( Steinhoff ) 

Uli  Pl^uning  (22)  Eleotrioal  Apparatu s,  23  Gen.  Equip 
(Hüter)*  These  three  brauche a  were  broken  down 
into  sm&ller  seotions. 

(21)  Plannlng;-  Design  Gen.  (Da nneberg) 

Statio  (Hellebrand) 

Stabllltz  Research  (Bornsohouer) 
A~4  Design  (Sohalza) 

Wasserfall  Design  (Patt) 

Taifun  Design ( Dsnneburg ) 

Fittings  (Millinger) 

Fuels  (Heller) 

Mat  Research  (Steurer) 

Printing  &  Photo  (de  Beok) 

(22)  Eleotrlo&l  Appar- 


tua; 


(23) 


Ground  Equip¬ 
ment; 


Ciroiuts  (Wierer) 

Control  (Müller  11) 
Measurements  (Kirohstein) 
Operations  (Bxutzel) 

Prelixa  Tests  (Böhm) 

Tests  &  Trials  (Debus) 

Statio  Grad  Outfits  (Friohtu) 
Assembly  (Heubert) 


11.  Sie  produo tion  Dept. 


Buildings  (Luhrsen) 

Test  Buildings  (Tessman) 

Speo  Vehioles  (Eimer) 

Transport  Servioe  (v  Liebhaber) 
Spare  Parts 

Conatruotion  (Weintraud) 

(3)  was  divided  into  four  seotio 
Admln  (Re cs) 

Control  Pla^ning  (Kuers) 

Stores  ( Sohafer ) 

Job  Control  (de  Vries) 

111.  The  Testing  Dept  (4)  was  divided  under  the  oontrol  of 
Schilling  into  three  small  er  departmentsj-  Research  (Humburg)  Grd  Eaui 
(Poppel)  measurements  (Haokh)  as  follows; 

(a)  Research  .aaaerfall,  b)  ^  ^  To  et  ^ 

Taifun  Test  Bldgs. 

(e)  Measurements;-  Fuel  & 

Propulsion 

IY.  The  Genl.  Admin»  was  divided  Into  lightlng  quartero  & 
Transport.  The  aecount  Department  was  slmilar  to  any  other  b  aness« 
Jee  Chart 
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Axster,  Dr, 


Bachaann,  Alfred  ) 
Bergalar,  Herbert  ) 
Bippard,  Ernst  ) 
Buhl,  Hermim  ) 

Barwald  Rudolf 


Bornseheuer,  Frsdrich 

Beek,  Gerd  De 

Beier,  Anton 

Beier,  Anton 

Braun,  Prof.  \+da 

Steinhnf/Dr, 

Kirsohtsin,  Dr* 
HuUuer,  Ir, 

Braun,  Von  ) 

Dannenberg  ) 

Klaue«  ) 

Braun,  Magnus  Van 


Bram,  R'sraer  tso*. 


Braun,  Ton 


Braun,  Prof,  Vm 


Braun,  Prof*  von 
*  Werner 

Braun,  Magnus  von 

Buehold,  Prof,  Theodor 


Sub.lect  

Organisation  of  HAP 
Peenemünde  and  Electro 
meoh  Werks  tatte 


Work 


Motor  Tanke 


Lifo  History 

H  II 

Work- 

Life  History 

Radio  Aspects  of  M  & 
Waaserjfall,  Roming  Systems 
and  prox.  fuses 


Regulator  Valve  Design 


Spontaneous  ignition  time 
of  mixed  fuela 

Lor^  Distanoe  Recket 
A9  and  A  10 

Wurther  work  on  A4 
&  Taifun 

Dieoussion  on  Thruet 
Motors 

Discussion  on  jet  devicee 
Wasserfall 

Life  History 

Connection  wlth  Peenemünde 
Frequenoy  regulating  equip 
ment  Breensohlues  & 
Compensation  for  errors, 

Work  on  Test  Stand 
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Xnterrogated  By. ( 

Miller  and  StokeS 

Zwioky 

LiebhAfsky,  Iball 
Gollin 


Block  &  Kraue 

Hüll 

Zwicky 

Hüll,  House 
Porter 

Lieb  &  Gollin 

Gollin  &  Staket 

Zwicky 

Roll 


Billig 


1.1.0. 


Zwicky 


Bohrn,  Josef 

Life  History 

Bohm,  Josef 

Work  on  mcunting  of 

Control  devioea  A4 

Bringer 

Work  on  Wasserfall 

Bauscliingsr 

Life  Hi story 

Borgenann,  frita 

»  ti 

Broleraan,  Kcr^t 

•»  ii 

Claus,  Karpi 

Work  on  Test  Stand  No.  11 

Dannenberg 

Work  on  Ja  t  Motors  in 

General 

Dannenberg, 

Hiß  work  A-3,  A-4,  A-5 

n  t 

Life  Hiatory 

David,  nr. 

Gareer,  Wasserfall 

Debue,  Pr.  Kurt 

Life  Hiatory 

Dahiu,  Warner 

Taifun  -  Waaserfall 

Dhom,  Ing. 

Work 

Dannenberg,  Kcnrad  Details  of  Piping  and  Valving 

Patt,  Kurt 

Roscurth&l,  Goddfried 
diese,  Heinz 

Burhcßo 

Dornberger 

n 

H 

German  Guided  Rlisßile 
Programme 

Taifun 

Heavy  Concrete  Install. 

Calais 

Donaubauer,  Ma«, 

Life  History 

Dhon 

*  H 

Dhon,  Friedrich 

Work  at  Peenemünde 

Dornberger,  Walter 

a  « 

•  • 

Devalop  of  Reaonating 
duct  motors  -  Draf ting  Hoorn 
Life  History 

Snsian 

I.L  «e  G. 


L.  &  G. 
Zwicky 


L  &  G. 


L.  &  G. 


(  Krause  & 

(  Filkinsoh 
Zwicky 
(  Stokes  & 

(  Porter 


Sharpe-Kennev 


Block,  Kraus# 
Lt.  Fox. 
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ßTiith  &  Wllkinso» 


EH'ers 

Projecblle  Stabil! ty  St 
Design  of  the  Einlerik 
Computer 

Elfers,  Wilhelm 

StÄbili{y  cf  Contrcl 
Equipe  nt  Wasserfall 

Eichlar,  Martin 

Life  History 

ELsele,  Jr. 

Bis  Werk 

Frießa 

Cereer 

Finaal 

ifork  on  M}  A5  -  - 

b 

Life  History 

Fichtner,  Hans 

Life  Eistcry 

Friede,  Werner 

Professional  Garsar  ’v 

Fricka,  Ir. 

Itheintochter 

«  a 

Life  History 

Friedrich,  Lr*  Ha.a» 

■  V 

Georgii  Wal  wr  ü  .0. 

Interrogation 

Geisaler  -  Klein 

Wasserfall 

Geisels r 

Control  «»  Wasserfall 

Geiseler,  Sfra&fe 

Life  lüatory 

*  * 

Control  of  Wasserfall 

a  » 

lie-in  Hominghead  of  auto 

4 

target  eeeking  derice 

Oeng« Ibach,  Hu* 

Life  Hietory 

Gitter,  Iielmath 

Work  on  Plotting  & 
Irajectcries  of  A4 

Gundel,  Herbert 

Life  History 

Giece  Heina 

Wasserfall 

Seekohl,  Joachim 

Ufa  iilHory 

Bellebr&nd,  ObÜ 

»  W 

Stokes 

F/Lt  Block 

.-.’S-  . 

*  f  v-w 

F/L  Block  ^  - 

Iball 

.Yilkinson  &  XteOX 

Smith  &  WilkinSOö 
Sharp«,  Stoka* 

Zwicky 

Stokea  &  Porter 

Smith  &  MlHtiiAp 

S/L  Sharp*,  S/L  Senney 
3»ricky 


8S 


mXUbrrnd^mdl 

Work  on  intgfiU 

Wtimmm®  Stint 

Lifo  Biatory 

Blatte,  ftutn 

•  » 

Blroohler»  Otto 

■  M 

Otorgil 

Ganor 

Bortar  &  Stokst 

Qeergii 

Aufbau  dar  Deutschen 
Luftfahrt 

«  « 

Botae,  lli 

Lifo  Biatory 

a  s 

fionattoia,  Üt 

a  e 

a«r%  HoInt 

•  9 

Sem 

Work  at  Psensnmds 

Stokoa  A  Porte 

St21tr#  Dt#  Gortard 

Propsllants 

Zwicky 

■tlltr 

lifo  Hiatory 

Bin 

Volk  on  Wasserfall 

Liebhafsky  A  Qellin 

Hoolsor,  XtSnt 

Ufo  Biatory 

Bohne,  MdB 

Lifo  Biatory 

Hem,  Betet* 

Work  at  Faanaaunde 

S/L  Xenny,  3/L  ShsrpO 

Bon 

«SS 

Stokoa  A  Porter 

Bater,  mm 

Ufo  Biatory 

Hnnlf  Litte 

s  s 

Buboer 

Work 

Batar,  WUMw 

Work 

BtMBtn 

Work 

Btf« 

Gonputing  Uaaanta  for 
Waaaarfoll 

stokoa  a  Porter 

Boysr,  XtM| 

Worte 
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Lift  Ilatory 


UM,  »Start 

bieM|f  MdI  «  « 

Kaifar,  Uri  »  ■ 


Klrschatsin,  Fradrich  11  * 


Work  on  A4 


Klrschatsin 
Schul lar 
Bosenthal. 


Bsasuring  Apparatus 
Telemataring  oathods  A4 
&  C2 


Kirschs tsin 


Ueasursaants  A4 


Krauth,  £*It*r 


Professional  vork 


Krslps,  Werse?  Caraar 

Kuberg,  WUÜ  Ufa  Hietory 


Köchin,  Wawtanlt  •*  • 

Klein  Joh&n  Sarve  Control  Iquip 


a  a 
•  a 

Köotar 

Underiburg,  Bans 
Längs,  Dr# 

Lsnga,  ossst 
Larssan,  Al# 
Lsrssan 

Larssan 

Kaust 

Hordt 

»PPS** 

Pitts 


Guiding  Control,  Hassarfall 

Ufa  History 

Work  at  Faansnuda 

Ufa  History 

V-2 

Caraar 

Davalopaants  of  V-lsapons 

Xntsrrogatlon,  Ganaral,  othsr 
Parsonnsl  eto» 

Mstaor 

High  Veloolty 
Additional  Igitsrrogation 
Ufa  Bistory 
Work 


Sherpa,  Kanny 


Sharpa,  Stokes  4 
Porter 

Zaioky 


Baris 


Bans  4  Bull 
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Wlekeahei— r,  FWits 

Career 

a-t-ffet 

C-02  Wagon 

,5. 

Ufa  History 

V;  .  ,.JL  \ 

BraSsk,  «Uli 

«  » 

-  „  +  . 

fttfclnsr,  Joaehia. 

Work  on  Dcffler 

S/L  Sherpa,  S/L  Benny 

»ttarahalA,  I.  H« 

Life  Bistory 

•  --  -  - 

Betser  Tfeftodsr 

Work  on  Wassarf all 

Dr.  Port  4  F/L  Stokes 

WUmtcvskl 

'  Propellants  V-2 

Zwicky 

Wieklas 

Work  Sarve  Motors 

Stokes,  Porter 

Betaer 

Work  on  Wasserfall 

Stokes,  Sharp# 

Mar  4  Walter 

Radio  Control  -  Wasserfall 

Sharpe,  Stokea 

Ottenthal 

S teer  Ing  Contro  V-2 

Sharpe 

Bb  ttj  Kurt 

Life  History 

•  e 

Construction  -  Wasserfall 

Zwioky 

Ptala 

Life  Hietory 

Pol»  &  Bsllacr 

Work  -  Wasserfall  (Fuel 

Zwioky 

Pf  aff,  Helsa* 

Life  History 

Pols,  Wslfgaag 

■  n 

Pflanse,  HU* 

*  ft 

Boeenthal 

Infra  Red  Equip 

Sharp# 

Beeinekl 

Werner 

Ball— n,  brl 

Career 

Collie  4  Usbhafsky 

•  a 

Life  History 

*»  e 

Blaken,  WtlBsla 

tt  « 

BeaantlMB 

Career  &  Work 

Baithal,  Wllhtls  ' 

Ufa  Hiatoxy  * 

Belelg,  Qarktrd 

s  • 
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Sandyosa,  Halter 

SoüAxiiii»*  Itertln 
ücaarncait  ,  Heins 
Sehuran,  «alte* 
Schwarte,  Friedrich 
Sciuaid,  Helmei 

Schal  tt,  Walter 
Sahwidetaki,  Walter 
k  « 

Steiner  t,  Qerhard 
Stahl,  Hans  Joachla 
Steinhoff,  grast 
Schubert,  Reinhard 
Schubert,  Reinhard 
Strebei,  Reinhold 
Schauck,  Hans 
Schüller,  Albert 
#  • 

SCHULTZ 

Seifert 

Sahr 

Sobweidetsky 

Strobel 

Steinhoff,  %nst 
»  ;  e 

•  e 


Life  Hietory 

e  e 

ff  ff 

■  ff 

«  ff 

Optloal  Surreys  of  the 

Orbits  of  the  V-2 

Life  Hlstory 

•I  ii 

Car ©er 
Life  Hietory 
Life  Hlstory 

i»  « 

Work 

Life  Hlstory 

«  « 

Work,  Thrußt  Measurement 
Life  Hlstory 

•  » 

Taifun,  Wasserfall 

Work  at  Peeneuunde 
Work  -  Peenemünde 
V-2  Work  ? 

Code  Hanes,  A-4  Radio 

Effect  of  Sxhaust  Oase« 

on^radio  oommunioatloh 

with  rocket« 


S/L  Sharp«  k  S/L  Sanoy, 

n  R 


Stokes  &  Porter 


Hai,  QIO 
Ql.  BAS 

LR  0. 

Stokes,  Houes 

Zvloky 

Zvlcky 

Sharp# 

Porter 

Sharp# 

Stokes 
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Steihhoff,  Fjftvkt  Radio  Gonte*ol 

*  •  Starring  Bquip. 


Sauger  Propulsion  nozslss  for  rocket# 

ganger  m  Ing*  Augen  CVS  Ainring 

•  Experimente  for  coal 

firing  for  athodyd 


Tocnnaeßea,  mm 
tata 

Tons,  HolxGPigfe 
Toegeli,  HOrbart 
Voigt,  Alfred 
Wooo,  Theodor 
Weiray  HAsA 
•  o 

Teaas 

Weiroy  HaiA 

Reise,  Relsrnft 
Wales,  Helwntt 

e  • 

«  o 

Zaqgl,  Wolf  gang 
zoll»,  i uOaifc 

•  • 

-~r  "  • 


Career 
Career 
Life  Hietory 
Life  Hietory 
•  • 

«  *  ^ 

Career 
Lifo  Hietory 

* 

Auto  etobllisation 
Pilotlese  flying  bombe 

Vehic'les  ueed  for  Blectriml 
and  radlo  goa r  at  operational 
shoote  of  A4 

Lifo  Hiatory 

fergot  oeeklng  oquip  Qround  to 
Plano 

Hoping  eyetons 

Hönlng  Dorico,  In  fra  Rod  / 
Lifo  Hietory 

e  • 

Oporational  Dato  of  eingly 
eonatrneted  parte  of  driring 
gaar  for  the  1-2 

Intorr«  work  on  W-2 


Seiler,  Alkart  Life  Hietory 
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P.S*A« 

Horrie,  HuU 
Hlllikon 
Block 

LAO. 

Porter  &  Stokee 


S/L  Sharpe  A  Kenney 


Smith  &  Wllklneoa 

Ä.S.P. 

Swioky 

O 

Zvioky 


fisesäs. 


■Jy. 


Schema  of  jet  Motor« 

Contents  of  Rail  Qarfl 

Docunente  r«»cT»4  fron 
Eail««y  car«  «tt  Peiting 

Lotter  to  Oemandar  ©f 
Aaerioan  Trtefr 

Rocket  Derelopjefnt  in  Oermamr 
1929  to  1945 

Vernor  tob  firatotf  Report  - 
Derelopment  of  Uquld  Rocke  ts 
ln  Geraargr. 

Rocket  Motor  Station. 

Satter  intarcapter  projeot. 

Peenemünde  tfladttuwel  u  an 
artillory  a!4# 


Work  of  Leo  Brandt  &  Kotowski 
C.  Miller 

H4V  TECH  Mi«. 

Liebhafeky. 
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Socket  Development  in  Garmeny  1929  -  1945 
iilecktro  Mechanische  Werke  -  Peeneüftnde 

The  use  of  the  rocket  as  a  means  of  travel  thru  space  has  been 
xs  subject  of  discussion  among  many  men  in  the  past  and  has  proved  do 
;ffer  an  outlet  for  the  seemingly  aostract  viow3  held  by  many  German 
sciantists*  ßimilar  to  many  other  devalopmants  the  first  st^.p  in  adv— 
öiice  into  space  has  bejn  brought  about  s  one  of  the  nacessitis3  of  war. 
A  str-dy  of  rocket  development  in  Germany  can  best  be  illustrated  as  a 
study  of  the  experiences  and  record3  of  uliousänds  of  scientists,  oxparts 
and  workaen  working  und  er  th  e  direction  of  Major  Gen?  Dornberger  and 
Prof.  Ton  Braun  who  were  responsible  for  the  management  of  the  Slecktro 
Mechanische  Werke  —  Peenemünde» 


A  nuaber  of  inventors  prior  to  1929  had  experimented  individually  in 
attempting  to  develope  various  types  of  liquid  fire  rockets,  but  in  all 
eases  their  activities  were  curtailed  due  to  the  lack  of  financial  assis- 
tance*  After  1929.  the  foremost  and  most  enterprisig  of  these  inventors, 
realising  the  hopelessness  of  individual  effort,  dedided  to  form  into 
groups  and  pool  their  resourc  ;s  in  the  hope  that  further  developement 
Mau  he  pesumed*  One  of  these  groups,  the  ^Rocket  Flying  Field"  at  Berlin 
had  a  Werner  Ton  Braun  as  a  Student  among  its  members*  This  aclion  of 
cofibinisg  knowledge  and  money  met  with  some  success,  and  at  first  per¬ 
mitt  ad  or  simple  fundamental  tests  with  rocket—  combu&tion  chambers ,  and 
latsr,  small  uncontrolled  liquid  rockets  were  actuall^  fired*  These 
rockets  reached  heights  up  to  1000  meters  and  were  landed  for  further 
N»se  by  means  of  a  parachute*  Once  again  however  the  work  of  these  grouy s 
,wys  slow  ed  down  by  the  lack  of  cash* 


In  #anuary  1930  a  Walter  Dornberger,  an  officer  in  the  Reichswahr. 

«and  who  had  graduated  as  Dipl*  Ing*  from  the  Technisle  Hochschule  Berlin 
in  1929  was  posted  to  the  War  Dept  as  a  rocket  expert*  He  was  there 
given  the  assignment  of  developing  rockets  for  war  purpos es  by  Major 
Gens  D  BeAker  who  was  then  in  Charge  of  the  Weapons  Office  of  the  War 
Ministry  (See  Org  Chart  £01)*  The  only  factory  associated  with  rocket 
manufacture  at  this  time  was  located  at  ffesermünde  where  black  powder 
rockets  for  sea  rescue  work  were  produced#  It  can  be  readily  understood 
then  that  Dornberger  experienced  con3iderable  difficulty  in  obtaining  a  ;  , 
sultäble  building  for  development  work  and  in  placing  orders  with  varicus 
firms  for  individual  parts.  A  proving  ground  near  Berlin  was  used  for 
testing  purpos es* 


Tur ther  developamnt  was  then  undertaken  on  the  transition  to  smoke— 
lass  powder  and  temperet ive  and  sensitivity  problemsj  then,  after  the 
$onstruction  of  simple  launching  devices,  the  following 
^eloped  in  rapid  successiont 


Dg  weapons  were 


After  overcoming  the  initial  difficultias  the  results  were  so  favor» 
able  that  the  first  large  scale  trial  could  be  attempted  in  conjunction 
with  troops  in  1939-  This  trial  was  on  a  weapon  of  vzrf  light  constr- 
wction,  of  10  cas  diam.  using  a  powder  fuel,  and  having  a  ränge  of  6  kms, 
The  results  of  this  trial  proved  that  this  weapon  could  be  used  to  advan 
age  in  saturating  a  definite  area  wit?  '«.gh  explosive  ammunition,  and  in 
this  way  part  of  the  normal  field  artillery  assignment  could  be  carried 
out  at  less  expense* 
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(Gmman  lockst  ©evalop 3»ant  1925  —  1945)  9  continued 
15  ca  Xehdwerfer  (  Do  werfer) 

21  cm  " 

H  savy  Wurf gerät  ■ 

28  cm  Heavy  Werfer 
32  cm  Heavy  Werfer 
‘  35  cm  Heavy  Werfer 
lanzerwerf er 
Panzer ehr eck 

It  must  he  hörne  in  mlnd  that  the  development  of  these  wespo ns  was 
under  the  direction  of  JDr  Domb  erg  er  |  and§  when  he  considered  the 
propellants,  construction  and  munitions  etc  satisfactory,  further  produc- 
tion  was  lert  to  the  industrial  firms.  A  fsw  of  the  firms  producing  fuals 
for  powdsr  huming  rockets  were  WAS  AG  DAG  (formerly  Alfred  Hobel)  and 
Wolfe  and  Son  in  the  Walsrode. 


Huring  the  peried  of  developemont  on  powder  burning  rockets  Dr  Dorn¬ 
berger  having  be  n  assignid  by  th©  Weapana  Office  (302  Org  Chart  Mo  l) 
to  develope  rockets  for  war  purposes,  had  not  lost  sight  of  the  signif- 
icance  of  the  liquid  fuel  burning  rocket  and  considered  it  on©  of  the 
reyolutionary  technical  discovories  of  the  20th  Century.  He  had  followed 
with  intense  interest  the  activities  of  the  various  groups  of  rocket 
enthusiasts*  syapathiming  with  their  difficulties  and  antioipating  their 
objectives*  Healizing  that  without  financial  backing  thls  phaae  of  rocket 
developement  was  doomed  to  a  serious  setback  or  even  failure.  Br  Dornber¬ 
ger  obtained  the  neceseary  frpproval  to  develope  liquid  fuel  rockets  for 
war  purposes  in  1952.  In  Order  to  take  advantage  of  the  experience 
gained  in  the  past  by  those  working  on  liauid  füel  rockets  It  was  necess— 
ary  to  select  men  of  outstanding  ability  from  among  the  groups  of  inven— 
>rs  whose  developements  were  most  advanced.  Th e  first  to  be  chosen  and 
hrought  ander  control  of  the  feapons  Office  was  Werner  Von  Braun  who  was 
considered  to  be  aore  advanced  than  the  remainder.  This  offered  to  Won 
wann  the  opportunity  to  continue  development  on  rockets#  the  future  of 
mich  he  was  most  anthusiastlc  and  permitt ed  him  to  continue  study  at 
the  Technische  Hochs  cule.  Such  men  as  Drs  liedel  and  Hodulf  were  quicklv 
enlisted  to  aid  Br  Dornberger  and  Ton  Braun(see  Org  Chart  1) 


A  small  test  field  was  set  aside  on  the  proving  f round  a  t  Xermmer- 
pr  of  of  t.he  functioning  of  the  liquid  propelled  rocket  was 
establlshed  after  tedious  fundamental  research  in  1933#  Often  Standing 
cay  and  night  at  the  construction  bench.  and  in  the  workshops*  thes© 
©nglneers  calculat  edt  drafted.  and  finail®  finished  the  first  combustion 
Chambers  for  the  thrust  of  300  kgs*  The  bhoice  of  fuel  to  be  used  was 
governed  by  performance  data  and  of  avail ability  in  Gexmyny* 


,  Xu  tha  Summer  of  1934-  a  trial  was  made  on  a  small  rocket  A2  of  300 
*§  811(1  s'fcs-'biliäBöd  bz  a  rotating  pay  load  and  which  raached  a  haight 

or  2000  meters#  In  the  interim,  propulsion  units  with  thrusts  of  1000 
snd  1500  kgi  emhaust  velocities  2000-2100  o/seG  and  specific  fuel  comsump— 
vion  of  4*59  P  er  sec)  had  been  developed  at  Xermmersdorf  and  tested  on 
special  test  Stands.  It  soon  became  evident  however.  that  Xermmersdorf  was 
wolfd’tfe  on  ^ookeus  and  aore  people 


.erman  Socket  Developement  from  1929  to'  1945 f  continued 

The  Weapons  Office  att erapt  ed  at  this  time  tö  interest  industry  in  the 
future  developement  of  rockets  tut  it  was  evident  that  past  results  wer  3 

the  expense  involved*  Dr  Dorriberge 

ailZua  then  that  unless  the  Weapons  Office  continued  with  the  werk  that 
'  ecket  developement  would  remain  at  a  standstill*  He  approched  Generals 
pritsch  and  Kesselring  of  the  German  High  Oommand  and  explained  existing 
conditiona  and  future  possibilities,  His  interviewe  were  so  convincing  • 
SZK  that  his  propos als  were  considered  and  then  approved,  Dr  Dornberger 
then  augmented  his  staff  of  liquid  fuel  experts  by  such  additions  from 
civil  induatry  as  he  saw  necessary  (see  Org  Chart  Ho  1) 


In  choosing  a  site  for  a  rocket  developement  Station  several  factors 
had  to  be  considered  and  weighed  such  as  (a)  secluded  position,  far  from 
large  towns#  (b)  favorable  weather  conditions*  (c)  reasonabljr  satisfactory 
Communications f  and  Peenemünde  on  the  Ost  See  was  aelected-  here  alone  was: 
it  possible  to  have  in  Germany  a  ränge  along  the  coast  of  500  lpm«  with 
suitable  observation  posts,.  Construction  of  an  experimental  Station  was 
begun  at  this  location  in  1936* 

It  was  already  recognized  at  this  time,  that  the  developement  of  rocke* 
showed  promise  both  in  the  field  of  aeronaufcics  as  well  a3  in  the  army* 
therefore  it  was  decided  to  build  two  separate  83tablishments  at  Peenemünd' 
one  for  the  Air  Force  and  one  for  the  Army.  At  Peenemünde  West  an  airfielt 
>^as  built  for  testing  rocket  aircraft  and  pilotlese  rocket  propelled  air- 
craft  as  well  as  auxiliary  devices  for  Standard  aircraft,  At  Peenemünde 
Ost  compre iensive  test  beds  and  workshops  were  set  uj>  to  test  rocket  drivei 
and  Controls, 


\  At  a  total  cost  of  approximat ely  300  000  Gold  Marks,  a  completely  & 
i^lated  but  most  modern  and  technically  interesting  Station  was  monstructt 
Motwithstanding  certain  difficulties  encountered  by  this  group  of  scientisi 
in  the .  skep fcimism  shown  by  highly  influential  officials  in  the  goVemment 
including  Hitler  himself  throughout  the  various  stages  of  development 
during  the  war#  this  amount  of  money  must  impress  people  of  all  nations 
that  Germany  did  cnnsider  the  rocket  as  the  future  offensive  weapon  and 
would  eventually  replacd  the  most  affective  bombing  aircraft* 

After  the  necessary  developing  gacilities  (high  velocity  wind  tAnnelsf 
work  shopsf  electrical  facilities,  teststands,  ships  planes  and  transport) 
had  been  installed  at  Peenemünde  development,  of  the  A  series  made  great 
strides.  In  1938  the  first  trials  were  carried  out  with  liquid  fuel  rocket 
of  the  A  3  and  A  5  types  which  were  fitted  with  an  automatic  Control  systeii 
and  had  rudders  in  the  gas  stream,  These  rockets  reached  a  height  of  12  £i 
when  fired  verticaily  and  had  a  ränge  of  18  Xtns  when  fired  at  an  angle, 
Thsy  could  land  in  bad  cases  by  means  of  r?  -narachute  and  be  used  again, 

It  was  found  however  that  such  rapid  progress  could  not  continue  without  Na 
corresponding  proportion  of  set  backs,  Consequently,  although  an  order*  X 
based  on  the  trial  performance  of  the  A  5  had  been  given  to  produce  a  rocke 
A  4  having  a  ränge  of  250  Kn  and  a  war  head  of  LQOQ  Kgs#  this  could  notbe 
dontinued  with  until  furthir  inf ormation  was  available  and  was  therefore 
relegated  to  the  background  for  the  time  being. 


The  development  of  this  device  necessitated  the  exploration  of  a 
difÜcult  new  technical  field,  To  further  afgravate  conditions  the  prograa 
i  reduced  in  priori ty  in  1939  and  part  of  the  civil  emplowees  withdrawn,  1 

*a«t5fl8e8°Sifdii}'S 

engineers  and'  workers,  and  with  the  help  of  General  JSteirwho^carnieÄpOut 
construction.  Dr  Dornberger  himself  ;wgy  then  made  i^ptfcsTBIe  Tbir-vne 
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German  Hocket  Development  from  1919  to  1945#  continued 

L  training  o f  soldiers  both  for  the  purposes  o f  helping  the  engineers  and 

[F  ^or  the  purpose  of  training  in  launching  (see  Org  Chart  Ho  2).  from 
this  time  onwards  the  brupt  of  further  develppment  was  leflt  to  Dr  Braun* 

^  In  an  attempt  to  obtain  further  data  on-  control#  aerodynamics  and 
stabalization#  hundreds  of'  A  5  were  fired  in  trials  between  1956  and  1942* 
Only  from  the  experience  gained  from  these  tests  and  the  results  obtained 
from  wind  tunnel  investigations  was  it  possible  to  proceed  with  the  con- 
ßtruction  of  the  A  6#  A  few  of  the  investigations  are  as  followsj 

!a)  Wind  Tunnel  Tests  ä$  all  ranges  of  air  speed  between  0  &  15(X)  meters# 
b)  Stability  of  the  rocket. 

CJ  Development  of  the  supers onic  wind  tunnel  and  measuring  methods. 
d)  Test  bed  investigations  on  the  combustion  chambers  and  the  complete 
propulsion  unit*  Q 

(e)  Investigations  connected  with  the  stering  at  all  ranges  of  airspedda 
coyered  by  the  rocket* 

(f)  Development  of  measuying  methods  for  plotting  the  complete  flight 
path* 

The  requisites  for  success  were  through  long  and  productive  exper* 

.  iaents  on  combustion,  pump  and  valves#  cnntrols#  and  development  tests 
on  all  parts  by  thousands  of  engineers# experts  and  workmen*  All  this 
labor  was  rewarded  on  3  October  1942  when  the  first  ränge  trial  of  the 
A  4  succeeded  with  sufficient.  accuracy  of  4x4*5  Km  dispersion  to  ^ustify 
an  order  ofJt  mass  production*  This  accuracy  of  aim  was  not  considered 
altogether  satisfactory  by  the  scientists  however  and  combined  with  oth?r 
''lodifications  approx  65  000  alterations  were  required  before  the  A  4  could 
*n  the  middle  of  1943  be  considered  a  real  mass  production  job.  It  was 
About  this  time,  1  June  1943#  that  Dornberger  was  promoted  to  Major  Gen. 
Another  point  of  interest  is  that  according  to  Genl  Dornberger#  the  air 
raid  of  17  and  18  Oct  1943  did  not  seriously  h5  ier  the  working  of  the 
experiments  at  Peenemünde#  the  settlement  only  being  destroyed* 

By  this  time  the  development  at  Peenemünde  Ost  had  grown  to  such  an 
extent  that  it  was  decided  tov  fp^m  the  wivilian  personnel  therein  into  a 
4  Company  with  the  Heische  as  the  shareholders#  this  Company  was  named  the 
rBlectro  Mechanische  Werke#  under  the  management  of  Prof.  Ton  Braun*  The 
internal  Organisation  for  the  Company  is  explained  in  app endix  A  and 
described  in  Appendix  B* 

Gen.  Dornberger  and  his  staff  of  scientists  were  still  not  satisfied 
*  with  the  accuracy  of  aim  of  the  A  and  radio  beam  devices  were  develöped 
to  improve  the  lateral  direct ion  control  and  improved  propulsion  cut*»of£ 
devices  were  tested  to  reduce  dispersion  in  ränge»  These  inprovement#'^ 
j  hovever  were  incorporated  in  a  small  scsle  only  and  were  chiefly  used  in 
l  the  attack  on  the  harbor  of  Antwerp*  Another  ©bjectionable  point  which 
t  required  further  Investigation  was  the  fact  that  there  appeared  to  be  a 
weakness  in  the  A  4  which  caused  40  —  50J&  of  these  weapons  to  disintegrate 
at  heights  between  3000  and  £0QQ  aeters  before  striklng  the  earth*  äxper— 
iments  toeliminate  the  weakness  took  months  but  eventually  some  improve— 
aent  was  noted  in  the  year  of  1944.  From  these  facts  it  will  be  under* 
stood  why  Gen  Dornberger  objected  to  the  A  4  being  put  into  operational 
f®  "but  after  20  July  1944#  total  responsibility  and  time  of  production 
1  was  placed  irj.  the  hands  of  the  SS«  Gen  Dorfaberger  was  left  in  the  ' 

|jC  psition  of  Technical  Adviser  and  in  Charge  of  home  Organisation  only 
j  '  ’ee  chart  Mo  2) 
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'  jqi  Rocket  Development  1929  1945*  continued. 

Dhder  this  new  Organisation  Gen  Dornberger  with  Prof  Von  Braun  as  3b 
43aa  of  the  flanning  and  design,  yttention  to  increase  the  rang-  of  the 
f®and  while  never  put  into  eperational' use  ränge  at  up  to  480  Km  wer© 
sheived.  This  program  had  of  necesBity  to  be  carried  out  on  a  reduced 
xate  as  in  eonsetquence  at  the  increasingly  air  superiority  of  the  allies. 
The  development  of  AA  rockets  was  given  first  priority  and  absorbod  most 
of  the  personnol.  A  certain  amount  of  -  work  was  however  done  on  the  A  9 
which  was  a  further  development  of  the  A  4.  The  A  9  had  wings  which 
enabled  it  to  glide  through  the  stratasphere.  The  flight  path  was  tfcms 
increased  to  such  an  extent  that  the  ränge  of  the  A  9  was  nearly  double 
that  of  the  A  4  or  approx  600  iQm  for  the  sft^e  fuel  eonsumption.  A  planX 
to  install  spedial  control  deviees  on  the  A  9  which  would  have  given  it 
the  same  accuracy  as  the  A  4  was  considered  and  it  was  proposed  that  the 
weapon  should  go  inte  a  vertical  dive  at  the  end  of  the  glide  as  did  the 
Ä  1* 


Äo  further  actual  constructidmal  development  took  place  on  the  A  9 
due  to  the  urgency  of  produc ing  a  defensive  weapon  rather  than  offensive. 
Xn  this  Connection  conditions  had  become  so  acute  in  Germany  that  in  Dec 
1944  Öen  Dornberger  was  placed  in  Charge  of  all  rocket  develppmeht  and 
V*  weapons  especially  anti  aircraft  types  in  the  hops  that  his  experience 
may  tend  to  ease  the  Situation.  Xn  his  attempts  to  produce  a  satisfactorj 
AA  weapon ,  plans  were  laid  at  Peenemünde  to  develope  a  guided  anti  - aircrax; 
rocket  the  "Taifun"-,  The  Wasserfall  was  smaller  than  the  A  4*  propelled 
by  liquid  fuel  and  guided  by  radio  from  the  ground  onto  the  flying  targeta 
Successful  tests  on  this  weapon  were  carried  out  but  series  production  was 
not  achieved.  The  Taifun  i3  a  small  ground  to  air  liquid  fuel  propelled 
"ecket  launebid  from  rails  having  a  ränge  of  12  kils  and  a  war  nead  of 
,  jO  gms.  This  weapon  having  a  di  am  of  10  ems  and  length  220  ems  may  be 
fired  from  its  projeetors  at  the  rate  of  65  simultaneously  or  65  spaced 
at  1  1/2  seconds  intervals* 

Meanwhile  Prof  Von  Braun  and  his  staff  had  been  continuing  with  plans 
for  future  projects  and  had  intended  to  design  the  V  9  winged  rocket  bo 
carry  a  crew.  Por  this  purpose  the  rocket  was  to  1b  equipped  with  a  ret- 
ractihg  andere arrigge,  a  preasuriz,ed  cabin  for  the  pilot,  manuall  y  oper«*  1 
ated  steering  gear  for  use  when  landings  and  special  aerodynamic  aids  to 
landing.  The  1  anding  speed  of  the  A  9  would  gXlXliaiaDDDDDOBBJBDI n 

IfXBX  have  be  :n  as  low  as  160  Bia  per  hour.  The  piloted  A  9  would  cover 
a  distance  of  600  km  in  17  minutes.  Xn  order  to  increase  this  ränge  it 
was  considered  that  a  large  rocket  A  10  would  be  used  for  assisted  takecfl 
upon  which  the  A§9  would  be  mounted  for  the  takeoff  •  By  such  a  conbin- 
ation  it  was  feit  that  the  A  9  would  have  a  ränge  of  5000  Ra  both  in  the 
piloted  and  pilotless  types.  This  combination  A9/A10  would  fee  launched 
vertically  to  obviate  the  necessity  of  erecting  large  ground  launching 
devices. 

However  these  plans  were  never  carri*  further  than  test  ;jobs  of  the 
A9  and  drawings  and  calculation  for  the  AxO,  as,  due  to  the  rapid  Change 
of  the  war  fronts  and  the  proximity  of  the  Russians  it  was  decided  that 
Peenemünde  must  be  evacuated.  Gen  Dornberger,  in  order  to  be  in  a  better 
Position  to  control  the  administration  of  AA  rockets  in  a  cnncentrated  XE 
effort  to  oppose  Allied  aircraft  moved  to  Bad  Sachsa.  He  was  very  short  1; 
ollowed  by  his  staff  An  January  1944 # 
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|  German  Rocket  Development  1929  -  1945,  continued 

< 

On  March  31st  the  whole  of  the  remaining  personnel;  o f  the  Elektro 
I  "Nshansche  Werke  and  as  much  equipment  as  could  be  moved  left  Peenemünde 
'  &  t  moved  to  the  same  district.  It  was  found  however  that  the  food  sit— 

.  <tion  at  that  point  was  critical,  all  supplies  having  to  be  transported  in 
and  so  all  were  di&persed  in  and  around  Ble#cherode  where  Prof  Ton  Braun 
nade  his  he  ad  quart  ers  •  An  attempt  was  made  to  set  up  the  lab  equipment 
and  continue  worlc  but  once  again  the  rapid  advance  of  the  Russian  Armies 
caused  them  to  hurriedly  reload  what  equipment  they  could  and  to  disperse 
it  by  freight  cars  and  barges  to^arious  destinations.  *  portion  of  the 
staff  and  personnel  left  Blbckerod#  but  were  overtaken  a  Garmische«-Partin 
ßXSX.  kirchen  by  the  unconditional  -surrender  of  Germany* 

In  conclusion  it  is  feit  that  the  advance  made  in  the  development 
of  liquid  fuel  rockets  is  remarkable  when  the  difficulties  encountered 
are  considered.  The  scientists  themselves  are  of  the  opinion  that  had 
they  been  permitted  a  free  Band  the  A4  could  have  been  put  into  Operation- 
al  use  at  least  1  1/2  -2  years  before  it  was.  The  success  of  this  dev¬ 
elopment  may  be  attributed  to  the  enthusiasm  and  energy  displayed  by  Gen 
Dombergby  and  Prof  Von  Braun,  the  fanatical  drive  of  the  scientists  and 
the  de  vollen  of  the  workers  to  the  management  of  the  Electro  Mechansche 
Werke. 


0.  Miller 


I*gfia»usftrjgroB*ges  for  War, 


As  mentioned  elsewhere  in  tbia  report  rocket  development  »«as  put  on 
the  "Beeret"  list  in  1931  and  eil  »cientiata  allowed  to  handle  these 
docizmsnt»  er  contlnue-  their  Studie«  fro»  that  time  wer«'  likewise  swora 
to  eecreoy*  Ho  meetings  ever  indidated  any  immediate  war  demand  until 
just  three  months  befere  Sagland  and  th©  WS$taKta$4isAas  declared  war  on 
Geraapy.  ** 

At  that  time  the  first  «all  to  Peenemünde  was  made  and  th©  following 
beste  raaearoh  selentlsla  were  also  ealledt 

*  D r.  Bnchhold 

'  Prof*  Busch,  Electro-technisahne,  Darms tadt 
Prof,  lalthor,  Math.,  Darms tadt. 

Prof«  Wagner,  Phys.  Chem.  Darmstadt. 

Profo  Heuter,  Blectro-Teoh.  Darm« tadt. 

Prof*  Bloss,  Hoch.  Darmstadt. 

Prof*  Thum,  Haohlno  Tools,  Darss  tadt. 

Prof.  Wolpann,  Schwachstrom  Technik,  Dresden 

Prof*  Staebleia,  ■  "  Berlin  (now  deeeased) 

Prof.  Fassbender  "  "  Berlin 

Prof*  Haidebruch,  Hachlnen  Sleaente,  Dresden 

(Wolaann,  Staeblein,  and  Fassbonder  also  are  considered  to  be  speelplists 
in  Pornmeldo  Technik) 

Tho  aeetäng  to  wliicfc  the  above  people  were  called  was  known  as  »»Der  Tag 
der  Weisheit".  Düring  the  Meeting  these  soientists  were  told  about  the 
largo  scalo  devalopaonts  in  rocke t-prope Ued  missilos  and  were  given 
■peoiflo  assigiSBents.  At  that  time,Dr.  Steinhof  was  the  individual  at 
Peenemünde  in  Charge  of  all  of  the  eleotrioal  oontrol  and  under 
Dr*  Friedrichs  was  in  Charge  of  development  of  the  eteering  Controls  (bat 
not  of  the  Brennschluss  control)  Dr«  Ing.  Kirchstein  was  et  that  time  workiig 
with  Faasbeaßer  in  Berlin,  where  he  became  aesociated  with  development  of  the 
W/T  Brenoflchluss  equipment.  He  later  was  called  to  Peenemünde  and  put  in 
Charge  of  all  types  of  Brennschluss  oontrol.  Msntion  also  was  made  of  Dir* 
Thiel, in  Charge  of  all  Chemical  werk  at  Peenemunde.  He  wis  killed  in  one 
of  the  early  bombings. 

Iba  town  of  Barmstedt  wer#  most  of  the  scientlsts  made  their  headquartere 
feil  lnto  the  hands  of  American  troops  on  approximately  the  6  April  1945  rnd 
the  Co^lned  Intelligence  Objeetives  Sub-Committee  team  headed  by  Lt.  Ool. 
O’Hara  imroodiately  proceeded  to  see  and  Inter rogate  Dr.  Hans  Busch  in  Charge 
of  the  admlnistration  at  the  Darmstadt  Technische  Hochschule  and  then  ln 
rapid  euccession  Professor  Wagner  on  the  physical  ohemistry  on  rocket  fuels, 

Dr.  A.  Walther,  matheaatles  reaeareh,  Dr.  H.  Vieweg  teohnical  p£ysice, 

Er.  Hans  Rau,  physidat,  Dr.  K.  Klöppel  on  struetures,  Dr.  Huter^  specialist 
on  electrical  «easuring  devloes  and  high  tension  currents,  Dr.  Theodore 
Buchhold,  Dr.  A.  Thum  on  plastica.  Dr.  Ing  Irebhebner,  machlne  design, 

Dipl.  Ing.  Helmut  Titschack  on  machlne  design,  Dr.  Rudolf  Brill,  Dr.  Fassbender, 
Dr.  Heyaann,  Dr.  Fischer,  Dr.  Ing.  Bohlner,  Dr.  Carl  Heins  Sturm. 


Wo  doewnenta  of  any  l®portanoe  war«  found  at  thl.s  tas  ge  t,  tha 
Unireraity  bolpg  coapletely  demolichad  with  tha  exception  of  tha  Physiaal 
Chemical  Building  which  fcad  beea  badly  looted  leaving  nothing  of  any  rahm 
exoept  paraonal  correapondeno©  with  othar  edontista  and  of  no  teehnical 
important. 

Tha  followipg  interrogations  may  shed  some  light  on  the  above  nanied 
aolantiafta  oontributicn  to  tha  Peenemünde  actirltias: 
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MBaicauJDIJilf  Interrogstloa  of  Professe?  Dr.  Carl  Wagner,  Xitair^en,  2Q  April  *45. 


ErofMsor  Vlhgnor  was  Interrogatad  by  P/Lt  Stokes  and  Dr.  E.  W.  Port«. 


Profatser  Wagnor  was  haad  of  the  Fhyaieal  Choaieal  Seetlon  of  the  IWmische 
Hochschule  Daraatadt.  Ho  oarrlod  cut  researoh  under  th«  following  gleen  hoadii^ot 

fEENS3lgM)l 

1.  Thermo  dynasd©  calculatlon  ©f  th«  maximum  exit  velooities  and  the  maxinua 
■chaib  ©btained  fron  T&rious  foela  or  fuel  mixturo«.  Thia  was  ln  conJunction  witfa 
Dr.  Thiel. 

2.  Catalyatie  deoorapositton  of  hydr©  psroxide  particularly  at  high 
ooncentrationa  batwee»  SO  and  90$. 

3.  Caleul&tions  cm  alr  walocity  in  wind  tunnel*  and  determination  of  linritii^ 
faetora.  Shia  was  for  th©  aoro  dynamlcs  Seetlon  at  Feeneaunde  undor  Dr.  Hermann. 

4.  Research  on  th©  provontlon  of  eorrcaion  on  xinc  eurfacee  oithor  by  uelng 
tltanlum  oaddo  depoaits  or  by  tho  deoontanination  of  taraaa.  This  work  did  not 
load  t©  axy  uaaftil  roawlt  and  was  oarrlod  out  for  Dr.  Rider  who  wae  ln  ©borge  of 
tho  MatorialprufUngaahtoiluug  at  Peenemünde.  Development  of  an  alectrolltic  ©all 
for  use  as  a  proclaion  eculomb  aetor  in  conJunction  wlth  Professor  Buehhold*© 
Integration  aeoalaromoter. 

5.  Roaoaroh  cn  eonduction  of  ©loetridty  thrcugh  liquide  for  tho  purpose  of 
fooding  oloctrloal  anergy  to  gyroo.  Varloua  type  of  Solutions  wer«  ©xamined  tho 
laat  one  wblch  was  oonaidered  ©atisfaotory  boing  a  aolutlon  ©f  calolun  hydroaddo  ln 
propyl  alcobol  and  water.  The  prinoiple  problem  was  the  aroidaneo  of  gaa  forma tion 
of  tho  ©lactroa.  Tho  hast  resulta  wäre  obtalmd  wlth  ailwer  alootroa. 


R.L.M. 

1.  Determination  of  electron  denaity  ln  mixtures  of  cxidej  for  example, 
sine  oxlde  and  galllum  oxlde.  Thls  was  the  bas  io  reault  oarrlod  out  wlth  a  rlew 
to  examinipg  th©  posalblllty  of  incroasing  electronic  eminiaion  fron  lneand©ao©nt 
cathodes . 


2.  Determination  of  th©  phaaa  diagram  of  tho  aystwa  potasslua  atimoiy  tolurlua 
(this  waa  oarrlod  cmt  for  poaalbl©  applloatlon  in  photo  ceLLs). 

3.  Phaa©  diagram  of  oaealum  and  oxygen  (applicatlon  aa  aber©) 

4.  Determination  of  th©  oonduotiTity  of  pyriti©s  for  poaalbl©  ua©  ln  short 
war©  doteotlon.  This  work  was  suggostod  by  Dr.  Melker  of  th©  Plugfunkforeehai^s 
Institut©  at  Oberpfaffenhofen. 

5.  Determination  ef  th»  oonduotiTity  of  lood  sulpUL  de  also  for  posaibl©  uso 
ln  short  war©  detection.  Tho  oonduotiTity  was  wsosurod  U)  wlth  oxosss  sulphur 
present  (b)  wlth  a  doflolsncy  of  sulphur  and  (o)  wlth  tho  addltlon  of  other 
^olph  dos  auch  as  bissuth  sulphld©  and  ailTar  sulphldo.  Ibis  work  was  not 
©ompleted. 


100 


1  m  in»  «atnlyitlo  fmatlea  of  witli  *»*  «<*■ 

_ 5«dl*7  Sbe  oaly  ecrk  «urln«  *  i* 

~4A»  «talystft  Um  «er*  hmriki  ntortni  «*mt  tit 
JJ25?-#  Mi  *  m  fgmyoi  Inttnrt**  tf  tuwlwi  tbo  »ktlflnriilp 

SSS/Lftk-fS  £  UwlIS^o  th.  «h«a«»*  tatt«  pU~  U*.~**.U 
teMrttenMUM  »2k  •»  th.  «t*ly.ti.  fOT-UMi  «f  w»nU  h«S  I.ot  rrt 

itgtU« 

jU  Birril  ii  Ui  iuMpultioa  of  aitrraf  cxUt  in  omtMt  «Ith  pmr* 
t*4^  «M  KÜrtort  ef  nine  «ddi  galliw  «ddo. 


XhMTgUi  «iftofion  •eonrrlng  in  «alti-phm*«  *12*?*»  f«  lT*ü*üi 

_ a  -*« -  «kla - - * — J  il  tht  7  thiOlf  tlcil  Itttl 


Bring  im  guu-pBM*  ~  -- —  ■ — 

«tfhi«  er  mmr  n4  lilwr.  fhi*  «ork  rwm\mä  im  ihm  pmrely  theoretieol  mtggg 
Tw*  m  ixptrl— iti  M  fceoa  oorxioA  egt  am  jrt« 


1.  ftmerefc  em  Ihr  nrftM  tmtaiit  rf  el—l^mi  ^ 

•cndneU^tTEuieoa  ntomdml-i  eemtoetn.  Prefewor  hgmr«.  *•** 

rM<AJ  »  u  *rU*i.  la  btftfkfertfen«knag  dato«  «*•***•  •* 1W* 

^4«  M  deme  m%  th#  «moetlon  of  Br.  Vlohmaam  «f  Iho  P.T*i* 


.  alaatiolltle  oelle  «er«  Moafaitwii  tp  tho  firm  «f 
__  fiebert mtf  mm  mt  Otertourfiagen,  »er  JCannel»  olmo  W  m  «*■  •*  XU*9*r 
h  Mmddt  mt  Qmi»  (Umring). 
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SKETCH  OF  THE  BASIC  OVERALL  PLAN  WHICH  WAS  CONTROLLING  THE 
3SCRET  RESEARCH  OF  THE  PEENEMÜNDE  SCIENTISTS  AT  TIME  OF 
SURRENDER! 


In  the  course  of  the  designing  and  developing  work  concern- 
ing  A  4  (V2)  an  aggregate  was  planed,  and  its  design  and 
pre-examination  brought  to  a  certain  conclusion  (A9). 

This  aggregate  based  on  t/he  idea  to  change  the  exclusively 
ballistic  tra^ectory  of  the  A  4  from  the  point  of  culmi- 
nation  into  a  gliding  one  by  the  help  of  additional  wings. 

The  energy  of  the  aggregate  A4  stored  up  at  the  moaent 
buraing  stopped  would,  in  this  case,  not  be  used  for  the  pur— 
pose  of  hitting  the  target  with  a  high  velocity,  but  would 
be  consumed  to  a  great  extent  during  the  gliding.  This  should 
yiedl  a  reduction  of  the  velocity  at  the  point  of  landing  down 
to  200  m/sec. 

By  this  the  best  possible  ränge  has  be'en  attained  for  an  agg— 
regate  on  the  granted  basis  of  fuel*  alcohol  and  liquid 
oxygen.  A  further  improvement  is  only  possible  by  the  appli- 
cation  of  a  propulsion  for  marching  at  high  altitude  which 
compensates  the  little  resistance  the re  aid  changes  the 
gliding  into  a  horizontal  flight.  A  aore  exact  exaaination 
of  this  possibility  proves  that  the  technical  expenditure 
exceeds  the  efficiency  additionally  gained9  in  case  of  using 
just  the  same  principle  of  propulsion  and  the  same  fuels 
as  in  the  main  power  plant  but  on  a  smaller  acale« 

But  it  is  quite  a  different  thing  if  a  jet  propulsion  is  used 
as  a  propulsion  for  marching,  which  does  not  necessitate  a 
particular  fuell  as  career  of  oxygen,  but  uses  the  surround- 
ing  air 

The  re  can  be  taken  into  consideratiom  a)  VI  -  power, 
b)Lorin-tube,  c)  high  pressure  tube. 

a)  the  VI  -  power  plant  yields  a  specific  consumption  of 
about  o.9  g/kg.sec.  It  works  intermitting,  the  air  being  soa- 
ked  in  automatically  by  the  expell ed  gases.  After  the  inject- 
ion  of  the  fuel  and  its  explosion  the  escap«  of  the  fire- 
gases  in  the  direction  of  flight  is  prevented  by  a  Venetian 
blind.  On  account  of  its  high  consumption  this  power  plant 
does  not  come  into  question  for  the  purpose  under  consider- 
ation. 
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B7  Contrary  tothe  V  1  power  plant  which  works  under  sound 
veloclty  the  Lorrin  tube  is  fit  for  super  sound  velocity. 

It  works  continuously.  A  peessure  is  produced  in  a  reversed 
ventury  by  a-diabatic  compression  of  the  air  flowing  in. 

By  injection  of  a  fuel  and  its  combustion  the  temperature 
is  raised  from  about  300  to  £00°K  to  about  2000°K.  By  the 
rise  of  temperature  the  velocity  of  the  expelled  gases  is 
increased.  The  uiilization  of  the  rise  of  pressure  by  the 
combustion  is  not  possihle,  as  the  entry  of  the  tube  system 
is  kept  open. 

Thermodynamical  ComputAtion  of  a  Lorrin  Tube. 

1)  The  specific  consumption  G/R  of  a  thrust  propulsion  plant 
with  air  providing  the  oxygen  is  given  by  the  formuler 

G_-  J_ _ _ _ _ v— 

*  (x'frhh71? 

There  means  G*  consumption  in  kg/sec;  £  *  ratio  of  weight  of  air 
and  fueljX-  factor  of  velocity  -  ratio  between  the  real 
velocity  in  the  exit  cross  section  and  the  theoretical  velo¬ 
city  there j  g-9.81  m/sec2 \  k-  adiabatic  coefficient  for  air 
-  1.4,  for  fire  gases  ■  1.2$  R«  general  gas  constant=  848  mkg/ 
Mol;  T^*  temperature  in  the  combustion  Chamber  in  CK;  M® 
average  molecular  weight  5  Pa/I>1-  ratio  of  espansion;  w  gj,- 
velocity  of  the  Aggregate. 

How  msgr  be  seen  from  tne  f ormula,  the  number  £  has  the  highest 
effect  on  the  magnitude  of  G/R,  as  the  other  independent 
variables  Tlf  M,  &re  under  the  fcoot.  It  can  be 

shown  besides  that  the  change  of  influences  comparatively 
little  those  variables.  It  is,  therefore,  most  important  to 
get  an  £.  as  large  as  possible.  This  problem  depends  exclusively 
upon  the  question  of  fuel.  A  fuel  with  a  good  property  of 
ignition  at  a  surplus  of  air  and  a  high  value  of  combustion 
is  necessary.  With  normal  gasolinef  can  be  about  12,  with 
pure  ethane  about  15.  A  remarkably  better  value  off  can, 
however,  be  obtained  by  liquid  acetylen,  which  can  be  stabilized 
by  the  addition  of  ethane  or  amoniac.  It  is  possible  to  use  this 
mixture  under  pressure  without  the  danger  of  expplosions. 
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S  is  about  21  in  this  case9  that  means  40%  more  than  with 
oct&ne  •  The  computation  is,  therefore,  to  be  performed  in 
the  folioring  with  CgHg.  The  additional  stuff  is»  for  the 
•present»  neglected,  as  its  amount  ake  to  be  f  ixed  by  experi- 
•ents«  The  equation  for  the  combustion  *ith  a  number  of  sur- 
plus  of  air^l«  1*6  (that  me ans,  there  is  used  more  than 
60%  of  air  necessary  for  a  complete  combustion  on  account 
of  the  stoecheometric  equationt 

The  temperature  of  the  compressed  air  iss  T^*712°K|  the  tem- 
perature  of  combustion  Tj-21600  K;  the  molecular  weight  II« 

29 .4 j  the  air  fuel  ratio  E*21,l* 

Applying  a  round  value  for  k-1.2  and  a  ratio  of  expansion 
rPjP^*ls259  the  specific  consumption  iss  G/R-0.78  g/kg  surplus  of 
tfirust  sec«  It  is  possible  to  improve  ihis  number  yet  by  the  app~ 
lication  of  a  larger  2  value,  which  increase  Et  too.  However, 
the  consumption  shall  be  performed  with  this  value  for  the 
present* 

c)  Figure  3  shows  a  tube,  which  works  at  a  super  sound  velocity, 
but  not  contunuosly* 

After  the  entrance  of  air9  the  fuek  is  injected,  then  a  valve 
to  the  funnel,  soaking  in  the  air,  is  closed  before  the  explosion 
happens  and,  theufore,  an  expell ing  in  the  direction  of  fliest 
is  prevented*  This  arrangement  allows  a  utilization  of  the  rise 
of  pressure  by  combustion,  and,  therefore,  a  higher  velocity 
in  the  exit  cross  section  is  obtained* 

Fdr  a  considerated  propulsion  only  anarrangement  comes  into 
question  according  to  b)  or  c>*  The  Lorrin  Tube  (b)  has  the 
same  ratio  of  pressure  in  the  nozzles  for  compression  expan¬ 

sion»  An  Augmentation  of  the  velocity  in  the  exit  cross  section 
is  obtained  only  by  the  fact,  that  the  temperature  of  the  gases 
is  raised  by  the  combustion.  This  velocity  raises,  by  the  first 
Approximation,  proportional  to  the  root  of  the  ratio  of  temper- 
atures. 

At  the  arrangement  (e)  there  is  added  the  raise  of  pressure  to 
this  effect#  How  can  be  shown,  the  pressure  is  rafled  maximal  ly 
to  about  five  times.  At  maximim  pressure  the  ratio  of  expansion 
is,  therefore,  lil25f  after  the  expulsion  of  50%  of  the  gases9 
this  ratio  is  Ii62#  it  is,  therefore,  possible  to  reokon  on  an 
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average  ratio  of  expansion  of  1:60,  The  ratio  of  velocities 
in  the  exit  cross  section  then  is  for  these  two  cases 


wherein  the  adlabatic  coefficient  is  about  k«1.2.  The  sAAd 
ratio  is  w^/w^*  1.09-  An  exact  integration  does  not  essentially 
Change  this  value.  By  the  compution,  the  possible  gain  by  the 
arrangement  (c)  is  obtained,  but  there  is  on  the  other  side 
a  considerable  loss.  Larger  cross  sections  are  necessary  on 
account  of  the  intermitting  action.  Supposed,  the  loading 
takes  the  same  time  as  the  expulsion  of  the  pressure,  the  entry 
cross  section  will  be  doubled  and,  therefore,  the  resistance, 
too.  It  clear,  that,  as  the  effective  gain  can  only  be  due  to 
the  difference  between  the  Streaming  velocities  in  the  entry 
and  exit  cross  section,  there  is  no  gain  with  the  arrangement 
(c).  The  ratio  of  thrusts  is  3:2  corresponding  to  the  ratio 
of  the  velocities  of  expulsion  of  1500/1000  as  in  arrange¬ 
ment  (b) ,  that  means,  if  theaggregate  is  propelled  by  an 
effection  thrust  of  1  t,  there  act  2  t  in  the  entry  cross  section 
whilst  there  are  produced  3  t  in  the  exit  cross  section.  If 
the  cross  section  of  the  air  funnel  is  increased  for  50%  only, 
no  gain  of  thrust  will  anymore  be  obtal  5d.  Düring  the  time 
the  air  valve  is  dosed,  the  force  of  reaction  produced  by  the 
retardation  of  the  air  in  the  venturi,  will  not  be  exerted, 
but  tfcer»  can  b  shornn,  t  the  pressure  of  resistance  is 
almost  e&aetly  the  srnae  as  for  the  stationary  starte* 

For  that  reason  the  Lorrin  tube  only  can  be  taken  into  con- 

sideration  for  the  conrputation  of  the  project. 

On  account  of  the  said  results  we  propose  the  following  projects* 
A)  In  Order  to  get  results  as  soon  as  possible,  we  propose 
to  provide  the  aggregate  A  9  (A  4  with  wings)  with  an  additional 
jet  propulsion  (Lorrin  tube)  .  The  advantage  would  be  that  all 
the  approved  parts  of  the  power  plant  can  be  used*  The 
ascending  trajectory  similar  to  A  9  up  to  an  altitude  of 
20  km  with  a  velocity  of  1000  m/sec  in  this  altitude.  The 
further  trajectory:  Horizontal  flight  with  a  constant  velocity 
(1000  m/sec)  propelled  by  the  additional  power  plant,  the 
thrust  of  which  is  equal  to  the  atr  resistance  (^1 .2  t).. 
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The  aggregate  in  manned,  the  pilot  sits  in  a  vacuumproof  cabin. 

The  1  anding  is  perf ormeä  by  means  of  the  retractable  under  carriage  and 
a  headqhell.  The  wings  have  to  be  designed  by  the  help  of  slots  and 
1  anding  flaps  so  that  a  londing  velocity  of  160  km/h  cannot  be  surpassed 
and  on  the  other  side,  the  cw  -value  during  the  asceniing  and  horiz¬ 
ontal  and  the  ca/cw  -  value  diring  the  horizontal  trajectory  becomea 
an  Optimum» 

B)  An  essential  increase  of  eff  iciency  could  be  obtained  by  the 
choice  of  a  new  fuel  MMti  basis  and  the  introduction  of  an  approved 
design  of  the  power  plant»  The  advantages  are  obtained  by: 

a)  increased  mean  density  of  the  fuel» 
bl  simplified  power  plant 
c 1  reduced  net  weight 

d)  increased  volume  of  the  tanks  at  equal  size  of  the  fuselage 

e)  increased  safety. 

Besults  of  the  pro.iects» 

Conceming  A)  Assumptions  f  or  Computation* 

Fuelss liquid  O2,  alcohol,  and  0^2 

net  weight*  5  t 

velocity  in  the  exit  cross  sections  2030  m/sec 
consumption*  145  kg/sec 
entire  volume  of  Sankst  10, 5m^ 
remaining  re  st  of  fuel*  300  kg 

Results  A  computation  of  the  trafectory  yields,  that,  after 
an  altitude  of  20  km  and  a  velocity  of  1000  m/sec  is  obtained, 
an  amount  of  fuel  of  1600  kg  still  is  to  the  disposal  for  the 
marching  plant» 

The  consumption  of  the  Lorrin  tube  for  1»2  surplus  of  thrust 
can  be  assumed  to  0.  93  kg/  sec  according  to  the  given  calculation 
of  the  Lorrin  tube»  Taking  1600  kg  of  fuel  for  granted  the  time 
of  f light  will  be  $95  *  1720  sec  at  a  velocity  of  1000  m/seo»  The 
ränge  will,  therefore,  be  (Ascent,  horizontal  f light  and  gliding 
included) t  1800  ^ 

Concering  B)  Assumptions  for  computation* 

Puelst  tetranitromethane ,  visol  and  C2H2 

net  weight*  4,7  t  # 

consumption*  150  kg/sec 
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ent  Ire  volume  of  tariks«  11*3  nr 
remaining  rest  of  fuel*  200  kg 

Resultat  An  e  normt  of  fuel  of  2830  kg  remains  to  the  disposal 
of  the  marching  plant.  That  means  a  time  of  flight  of 

-  3000  sec.  This  corresponds  to  a  ränge  of  3100  km. 


Shape  of  the  Lorrin  tubei  The  size  of  the  entry  cross  section 
is  obtained  hy  the  necessary  weight  of  air  GL»  the  density  of 
air  9  and  a  velocity  of  the  aggregate  Waggr  toi 



19,65 


1* 


ag6r*  0,0165 
The  diameter  is9  therefore9  637  mm# 
of  the  air  funnel  is  obtained  bys 


“  0,319  is2 


>1000 

The  mlnimnm  cross  section 


vhere  is  V2  »  specific  volume  in  the  minimum  cross  section  and 
w2  -  Telocity  of  sound.  That  means 

Analogous  calculation  yields  for  the  venturii 
Minimum  cross  section  fm-  0,223  m2  and  332  mm  0  ; 
exit  cross  section  fft«  1#12  and  1200  mr  0. 

The  shape  is  given  in  Fig.2,  the  angle  of  expansion  being  25°. 
Conclusion« 

By  the  given  first  9  rough  e~r.siderations  the  ränge  X0  of 
aggregates  similar  to  A  9  with  an  additional  marching  plant  is 
obtained 

for  case  A)  1800  km 
for  case  B)  3100  km 

Since  the  calculation  of  the  Lorrin  tübe  follows  pure  ly  theoretic&l 
lines  and  experimental  results  in  this  field  are  not  yet  known  to 
us,  the  values  given  were  to  be  able  to  be  approved,  yet.  It  is 
known,  that  power  plants  of  this  type  were  put  into  effect  with 
a  consumption  of  o.l  gAg.sec.  Basing  on  this  value,  the  given  rangei 
could  be  increased  om 

for  case  A)  13500  km 
for  case  B)  23500  km. 

The  possible  shape  of  performance  of  such  an  aggregate  is  given  in 
pi6.  3. 
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SCALE  1  :  lOO 
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VENETIAN  BUND 


V-1  JET  PROPULSION 
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1  f  2 


flAl8LAf!0R 


4*  »d thar»  Sassstadt» 

3*  »Ute  St*fc 


¥*2  B*Uist?o* 

MMaat93S«9&  r~ 


12  aprll  W 


X  fe»*»  Asm©  Ujö  iolloid»^  w§k  £n  DSU  aahjaat»  m&j  mm  cf  tha  aany 
Blbjacts  0f  pxuctt&xl  mthaai'tio«  X  fcava  tett  vorhin«  an  durlng  tha  «um 


I)  AppH«atl®n  cf  literstaxa  ahmt  Air  Mstty*  «Lnd,  «te»  at  great 
hcdghta*  iiiaautttoioniä  about  tUUi  idth  exparta  1a  «aaticcdcgy#  aajxKdally 

4th  Brat*  jua^eiifci**  '.vi^oa  on  tbia  iVLguxi**£  out  «t  UHw  f«r  ttnymmtiirn 

(5*«nw  i»  tho  tropoaphor«,  1»  tha  atrtito«pher»  at  first  iwining  aontent 


»  ^  *  lssr«aM  again'  bocauu«  «f  tha  iä  s«na#  *  tha*  furthar  rsaiatof 


«cestattt  and  a  «aaiaaaa  a^in,  aa  aten  in  skateh* 
Th*  tahlas  wr#  ftgmä  «at  t  «r  pressure  (alr 
teaity)  «p  b#  100  J»  «OevetUft  1»  iteroö*  «f  100 
atet*»  tfe  '  *  tablaa  tte  aerveA  as  fcasU  f  er  all 
mtepamt  atlaalatiia»» 



♦ 


0)  IWMf  abaat  tha  aaaillatlaa«  of  1Uft  around  its  eeuter  otf  gra-clty 
1»  tha  vi»A  tn*&a&»  Unaar  Lav  «f  Aeagditg  (lineares  Bt*$fnBgBgeset*}*  eabl» 
law  af  «SUslUlty*  Calsul&tl««  «f  tha  «—MUtUmi  bar  maexloia  intagratU» 

«C  Iba  AäffamhUl  eigaatUn  idth  &  fester  (SadTflalactan)  f ouaA  axperljeertally« 
,  fm»  «»  1ha  alte  ajr  NpiA  -  eeBeluRlü«*«  fr««  tha  axpafeUaet*  in  tha  «tat 
tsml  «a  1ha  festes  (te££lslan&«fc)  f  «all  fcmüUs»  a»4  vwrkUg  **t  «f 
hs»Ay  sattes  tf  asplaitallsn  f«r  it* 


3)  Bwaid  atevt  «tatdll^r«  4  faste  (tefilalcnt)  ha«  fceeei  UrnLste 


•  «a  tha  hejds  f  «spateste- 


Wm  tha  halp  af  this  fast« 
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w  *»  4otaa*la*4  Or  i  paAat»  «r  M«  MUrwUhttM 

«öl  *•  *»*•*  uwai— i»  I»  «HMr  >»N«  «fcatiu«  tte  m*t  «T  «be  f  2 
1«  «t«Ue  «*r  m>U  Ms  thtw  tOwlntta»  tiM  «aati  tlMwU  at  Mwi> 
riMb  fBatwrfaaartMftxltexlMi)  tgr  Tanigji  »•*»««■  «T  «• 

fMtaM  {BttfOafeNta*)»  <MM>  02  0%kbl!u«rw*  WtOUM.  fl»tO  «MM 
«am  dcgpar*  '3ir&  un  -ts»  C'  cifltr  14  beoasa  »gcaumy  4»  Mim  MMrlOdll/ 
ay  i  tlimi  ®?  4b»  et"*«th  or  t^r4h  «räs*  *  m*rf  ttUEX&aOt  Mb  4  4bi* 


Ott  ftMorit%  ta  «h»  aathoA  ef  4fc» 

■  i»  4h»  oanpl««  (mtlymi  saü  imgliwiy  *»2a»») 


mmm's 


4)  GOsuJUti««!  A  Cb»  tofej *rt**f^  Yb»  4e*jMf|«y  4*  —frtt«t»Ü  i»b 
4fe»  |MF  ■  'Ji**  i’ro©  flying' p»*4  4fc»4  fnllca»  tte  ligLwili 

0#  4a»  yaer  pi*opaQ.laA  |turi  4»  ü»  «brUi«  pslst»  4h»  aöA  4«  &  ydLsi  bbjr) 
M  4b»  pwar  3-r  Xb*  4»t&l  x*»y  4f  4b»  4  1  4c 


^  *  tjr«0fc»  Ty) 


*JaJj  «apialowt  tam  ro  teig»  «M>Uo«  at  «fea  Mao  «f  «ha 
ynifs  ow»aat»  *  «•  < 


TCftUR.  Mi 


i  «aaJaBtaqr  a?  <*ae  (1WA  aa  • 
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Xa  4h©  pmr  dvivon  part  of  V-2*©  tra^ctorj  th©  projeetfl©  La  Mag  tnw«»td 
Sf*e»  th*  verUoal  p©aition  to  th©  final  ©tartlng  angl©  ty  my  «f  autoKitle 
aoatrcX  (ProgriM— t4mr>mg)  ia  *  pr©dot«ndn©d  «a/*  VMth  ngr  eollabonitor*  I 
to&f®  oalculatöd  th©  shooting  rang©  f or  ju?».ny  o^aes,  by  ©ay  «f  nwiirl  ml  lst©#> 
rationof  th©  f  ol.loTin^  fiv©  o^uatipn©  am  faf  ob  th©  pomr  drivm  part  1#  onmtainadi 
(t)  Differential  ©quation  of  th©  translatlon  ummant 

(2)  Biflfarential  ©cittaticm  of  tfc©  axial  zaoreaant 

(3)  Squatton  of  tbe  nenant©  (ltaa©nt©ogl«iofattng) 

(4-)  Stecrlng  ©quatloai#  that  1©  to  coamoet  th©  tra^ectory  angl©, 

(5)  *  Ri derainkol“  and  Def  leotiox^  angle  (AnatellwLnkel) 

Aad  by  m.y  of  u »or©  elapl©  differential  ©juatiosi  for  t©  fwmy  poverl mmm  fUgfai* 

«*  ■*>  Th&t  my  1  gar©  conpleto  infam*tion  about  th©  tra  jeotary  for  th©  different 
glTB»  pragCMMM)  hoighta  and  ©paede  et  th©  tia©  ©?  th©  power  diecontLountion  to 
focsi  a  b*»f  o  for  firing  tablee«  Th©  nostadeantagooua  faru  of  th©  tarajectoary 
BM  toad©  objeet  of  apeeial  reeoaroh  in  ordor  to  obivin  aaxjranr*  rang©,  furthav- 
Mr©  th©  influenc©  of  nlnd  -  frora  th©  front,  freaa  bohind  *nd  f  vom  tha  ©ide,  and  of 
©hang©  ©f  Bwteareloglcal  ©ondltlona»  finally  th©  influenc©  of  th©  eaxth'a 
rotation,  ©to»  Th©  oaloulatlon  of  th©  tra^octorjr  ms  dar*©  by  eubdividing 
1t  into  a  i_  St®  ©eure©  (mittlerer  Verlauf)  and  ©aperimpoeed  osdllatlona, 
af ter  it  had  bean  pxoven  by  volunineue  ealoulationa  that  auoh  a  diviaien  Im 
adadaeibl©*  In  ordor  to  ei&$plify-furthar,  th©  oonpUc&ted  fhnction  f  (y#rxTy) 

®ß  linaaxls©d  and  tab&fce  «er©  ©stabliehed  of  th©  ap.lioable  inf lv^ncing  lihea 
müMmm  (ffilnfiuaffwnhl  ©n) «  Of  further  iuportf.nce  t&©  reaearuh  rogt.raing  th© 
degve©  of  s.oeuraey,  hov  far  ^  mmm  influenoed  Uy  Variation«  o*'  y,  vx,vy  aad 
nhat  ma  therof  or©  requlrod  to  keep  th*a©  values  in  Uno* 

-or  theo©  tra jeotory  oaloulations  a  «taff  cf  ©©varal  scieatlete  and 

©baut  3°  f  ©wel©  oaloulator»  vith  eleotxi©  ^alcwl&ting  ur-chinoa  va©  b'ing 
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essployed*  l ealculating,  the  aaly  &***  ia  öermiy»  o«a*&»t«4  «f  abeut  90 
podpGLe  includin^-  «hop  and  Office  porsonnel»  Beoauee  cf  the  fact  tbat  the 
worfc  wue  vory  tedioue  and  time  oonautting  «von  wrlih  the  best  org^aation^ 

I  worked  at  th©  eauctruction  of  &  calcul&ting  »uohine  fo r  iff  ereutial  oquatiosus 
wdLth  th«  Intention  of  using  it  also  for  »*ny  cntner  purpoee«  beeide«  ba3LULeüc«e 
•etablifihir^  of  table»  for  new  functiona  and  procaealng  ef  differential 
eqUationa  in  the  fleld  of  natural  aoiencee  and  engineering«  About  thi»  X 
ahould  sake  a  eppartto  report*  Scsaewfaat  Venaowr  Buah,  the  principl«  me  the 
appllcsaticn  cf  Integration  rol  le  { Integralenrolle)  nith  photo^eleetrio  dick 
readtng  and  t aHow»up  (mt  f otodlektrieoher  Ejurvenabt&ating  und  NaökflLhrung) 
Expovimantal  laaciilns»  bxou^ut  v^ry  good  reeult«  •  Th»  eonairuetion  of  th» 
oooplete  aaohiiie  hae  etopped  to  xsy  reg  et  -  owlng  t@  war  condition«»  I  hop» 
b«  able  And  vä«h  urgently  to  bring  thla  lsperiast  developnont  to  a  «ueee«*» 
ful  ooncluelon* 

Furthezstore  I  have  workeci  on  th©  niöchanAs&tiosn  fo  caloulationo  in  ordar 
to  faoüitate  and  ha  stw»  ±äd.s  auv«A<jfpu*j«fc  by  oi*  ealculatlng 

and  using  prnoh  hol©  «ysteei  snchinea  (lialloritu.  .1  ;>chS jürtenum  MhüMft)  • 

A  sifldlar  «yrtcn  soeras  to  baw  been  achlomod  by  the  Aaerioan  c&lculating  autcmt 

pro&uced  by  .-.I3C3K* 


MEMORANDUM 


InttrrogatioÄ  of  A.  WALTHER,  TECHNISCHE  HOCHSCHULE,  DARMSTADT» 

21  April  19*5 

mm  jmmjum 

Subject  had  prerioußly,  under  datolln»  of  12  April  1945  lndicated  hi#  fieid# 
of  work  ln  conneotion  wlth  the  ealoulatlon  of  trajeotories  for  Paonamnde*  Hin  text 
(6  pagoa)  and  Snglleh  tranalation  of  1t  (3  page»)  are  attached* 

HISCTT  MBDL 

Subjeot  gave  sumnary  of  German  rockat  research  fron  henrsay  and  experience. 

In  1931-2  all  rocket  research  was  put  on  the  Geheim  (soerot)  Hat  by  General 

Dr*  Becker,  former  chief  of  the  Heereewaffenamt*  All  rocket  rosearchers  were  given 

thres  alternative»  t 

1«  Hirn  over  patent»  and  oeaaa  work 
2,  Be  put  ln  jail 

3»  If  they  wäre  good  enough  they  worked  ob  government 
rocket  program  (at  Kuronersdorf) 

Dr»  Becker  publiehed  a  reviaed  edltion  of  Balllatioa  by  Crans.  The  work  at  that 
time  waa  on  powder  rocket».  Principal  eoUabörator  of  Dr»  Becker  waa  Cajrfc»  (nov 
Maj»  Gen.  DORNBERGER»  VON  BRAUN  oaae  to  Kuamersdorf  ln  1932  right  out  of  school. 

Dr»  THIEL  waa  already  there  having  eoma  to  the  attention  of  BSGEER  by  a  lecture  he  gavw» 

ciubject  bellevea  that  a  baglnnlng  waa  made  at  Peenemünde  -  conatructlon  and  layout  - 
ln  1936-7»  Hie  transfer  of  aotivity  to  Peenemünde  fron  Kummersdorf  occurred  ln 
1938-9.  Kurameradorf  contlnued  to  work  on  powder  rocket».  Dr*  THIEL  waa  still  at 
Ktnraersdorf  in  1939»  (THIEL  was  killed  IS  August  1943  in  raid  on  Peenemünde) * 

Hie  Peenemünde  program  on  liquid  fuels  was  orlglnally  acheduled  to  U  a  lorg  tim# 
projeot  Lasting  about  S  yeara  but  the  nasls  inslsted  on  resulta  ln  two  years*  The 
pressure  applied  reaulted  ln  enllstlng  all  possible  ald  from  outside  sourcee, 
particularly  Darms  tadt  becauae  several  Peenemünde  authorltlee  had  studled  at  the 
lechniacha  Hoohschule»  Dr.  STEINHGFF  was  formcrly  a  Student  of  Prof.  Y/alther  (the 
aub j  sot) • 

Darmatadt  waa  jfo  buay  aa  a  reeilt  that  it  eould  practlcally  guarantee  its 
peopla  freedom  fron  war  servlee.  Hie  subject  was  drafted  for  ona  week  before  he  was 
resaued. 

Th«  oocaeion  of  iixviting  in  all  tfcls  outsid,e  aid  waa  the  meetiqg  at  Peenemünde 
on  Sopt.  28  to  30  1939,  liat\of  attendants  to  whlch  la  lncluded  in  (he  Interrogation 
report  on  Dr.  BUCHHOID,  '  2his  famoua  meeting  as  Jocularly  known  among  the  Professors 

as  »Di r  Tag  der  Weisheit»* 

Additional  persona  priaent,  not  previoualy  liatod  wäret 

PROF.  SCHÜLER  Goettliigen  gyro  expert 

PROF»  BECK  Dresden  U.  Motor  tranaport  expert 

SCHILLER 

WEBER 

FRCF.  TOLLMIEN 

At  the  meotiug  Prof.  VON  BRAUN  addreaaed  tbam. 
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Ha  waa  the  teohnical  dlrwetor 


of  P«an«nnd«*  IW«  «er«  laotnroa  an d  dlooaaaiona  för  thraa  deys  ta  da  aide  «Im 
M  taakl«  ««oh  «apaet  cf  tha  total  probier«  fha  mibjoot  ui  in  thla  and 
•nbaaqnant  vstiagp  utlgiad  th«  problana  «naMrotad  ln  tha  attaehad  tast,  mnaly 
alr»tablM  u  to  lÜOta*  a  tafelH  ty  problana  and  trajaotory  Problem«  or  firing  tablaa« 
dt  thle  fSwt  *e«ting  th«  nllltaiy  atnoaphar«  wes  ooapletely  Inoklng«  Ihe  aubjoat 
«•nt  to  PHinn—nnd«  anhaeqnently  aboattd.ee  yeerly« 

tfa«t  npoorti  that  th«  flrat  anosaffaftal  «tart  «Ith  K  ni  3  Ost«  *42« 
PTadaotioa  novad  tvagr  fjpo»  Paanaaund«  early  bot  tha  roaaarch  atsjc d  until  tha  rald 
U  1343*  Shan  «nah  of  tha  raaaaroh  aoattared  ta  varloua  plaoea  on  th«  lala  of 
«XV«  Or«  STSUBCHP  «aa  ln  BU6XM,  mSTM  until  at  laut  early  *45.  la  than  noved 
ta  a  plana  «hoa«  poatal  addraaa  «aa  KRDR4D8BV«  Kosh  of  Foanaannda  «aa  baliavad  nov 
•vnooatad  to  ^«jion  of  Bars  aountalna  (nndergronnd  plaeae  ln  oantral  Qomaagr)*  Sons 
portioaa  «ant  thaara  aa  aarly  68  (42«  1ha  latar  soitnst  fron  Pniwandf  «aa  doaa 
ln  a  big  bsRj  ao  auhjaet  eanoot  aa«  hov  they  ooald  har»  taten  all  iaitrumanta  «to« 
«Ith  th««« 


3«  Feanaasnda  «lud  tncsl  r«portad  to  ba  gooA  «p  to  teoh  «teter  «f  J  «aa  «orte. 
S«bj««t  ball«tad  1t  «ant  to  Bavaria  baoatta«  tha  tröste  «hl oh  oarrlad  lt  «ff  ted 
•oaa  ft raa  Bavaria« 


Subj«ot  dld  not  profaaa  to  b$  expert  on  «ind  tenli  bat  gav«  tha  fallovlng 
raaaffharad  flgnraa«  1ha  Tmmmmm-  «lud  tannal  naad  a  largo  «vaaaatad  aphara«  dir 
iratelqg  in  «aa  drled  ly  apaalal  ailloa  gal«  Mb  hoatii^  of  tha  alr  «aa  doaa«  Ihn 
Boaaarlxg  apaeo  h«d  a  aquara  erese  aeetian  of  on»  to  t ao  aqnere  natsra«  Modala 
«or«  ab  nt  50  ob«  diaa«  dH  aerta  of  anpor  aonlc  problana  wer#  teadlad  •  rooteta, 
artlllery  ate«  Ü»  dny  had  priori  ty  on  tha  Fanaimnrta  taanal  and  tha  lnftanff« 
hed  priori ty  an  a  tannal  at  Brunswick.  ihm  «an  ln  obarga  of  tha  «lad  tannal  «ork 
at  teMHoh  sw*  CB«  HSBMAM  and  EM«  XOURn«  1ha  Qoottlpgon  «Ind  tannal  of 
Pfeaadtl's  dld  littlo  werk  fer  femnm nwfla  bedang«  tha  teanamd«  san  oanaamad  had  not 
atodlad  ttera«  Itey  hod  atodlad  ander  Prof«  SsfalHar  and  Prof«  Vabar«  Prof«  Ban 
of  Canatadt  «onld  knoa  «or«  abovt  tha  «Ind  tannal« 

dorther  wind  tannal  at  PMadrlabahafaa  la  only  good  for  Mate  noabara  «ndar  oaa« 


WBJICfS  r  vITPLATlO» 


Cr  « ir  taffparaturaa  at  high  eltitodaa,  eubjaet  «orkad  «Ith  Br«  MB3XMSR  of 
JTrladrlteahafan«  Tbe  lattar  had  baaa  raaavad  Tran  hin  paat  ln  frladrlehahafaa  ly 
tha  Saale  and  Ine  tallad  la  tha  faratenagatallo  for  Pfcjeik  dar  Strataapbara  (Kala 
Bllbate  Zart«)  Ba  had  lnvaetlgatad  tha  atrataaptera  «p  te  2#  te«  «Ith  tellaffaa« 

Both  Bagonar  and  tha  enbjeat  ««ra  lntaraatad  ln  nataorologlaal  rostete  hat  dld  nat 
me  ttea«  ftw  particuLar  lnvaatlgation  her#  naad  data  avnilablo  both  la  Ovraany  and 
la  dnerloa  to  ealsulnte  tha  tanparatnraa  ln  th«  oaona  layer  daa  ta  aolar  abaorbtlea« 
Thii*  «ork  aa  prodoetad  ao  tfaair  «Isolation«  wart  b«liav«d  «o  ba  ffaearato« 

Är  atejaat,  aa  a  ptara  aalestlat,  «na  aonvinaad  that  tha  p-2  Mat  ba  wary 
aoaarato  «r  thara  «na  no  polnt  to  lt«  Ha  flril*  tablaa  wart  aals^Utad  do«n  t« 
■atora«  Ba  thought  ln  tarca  of  asonraolaa  of  ona  part  in  tan  tbc*u  «na 
horrlflad  to  find  that  tha  gyroaoopla  lntagmUpg  naoalamata*  ^  to  glra 
noeivnaioa  of  only  ono  in  n  thouaand  and  r»c  «or«  ao  to  find  tont  ln  prnotiaa  only 
30  to  40  per  thoo.  «aa  tha  ffoeamsy  aohlaMi«  Thara  «aa  oonataat  r.gtaanta  batvaan 
PaansMiate  «bo  «aatod  ianedlato  raaaltf  aad  tha  n^Ht  «ho  «uted  noora  emma moy« 


iifl 


Sabjoot  worbs d  out  tho  flrlqg  tablos  ritfat  dosa  to  wuri«il  Mails.  Prof. 

TOLLMUSN  was  osolfnod  tho  sau*  problswa  of  ataMlity  and  firiag  tablos  bat  workod 
th«i  out  with  ollipti«  faumtions  Vhlah  vor«  uooloaa  fcr  flold  uso.  Subjoot's 
asthods  vero  mroerloal  intajratlono.  la  tbo  etahilitj  probloa  tho  dlfforontlal 
oquatioa  te  bo  solvod  war 

normal  ljr  tba  slaatic  feroo  i*  eonslderod  to  bo  llaaar  «hieb  maka  a  «ad  b  both 
ssro  bat  tho  subjoot  ratalned  thoao  toraa  and  solvsd  mMrieallj,  3Ms  «ubio 
olastiolty  law  oquation  io  usoful  also  1b  Vibration  problaos  lnrolring  vubbor« 

Tho  subjoot  was  vwry  astlva  on  thooo  V*2  problaas  1b  1.941  and  1942«  dftoar 
tbat  tho  probloao  that  Faanaaninda  furnishod  Mm  woro  largolgr  rapotitions  with 
dlftfsront  vmlnoo  of  oonstanto,  and  could  bo  banrtlod  moatly  by  tho  subjoot1  s  staff 
of  oalaulators.  Furthor,  tho  nathoaatieo  staff  of  Poonsnxndo  was  ablo  to  faandlo 
aioot  of  vhat  vao  roquirod.  Sr«  Schroodor  boadod  tba  Poonoaundo  oath«  staff«  Ho 
voo  eonsidorod  too  abstraot  and  ona  sidod  and  was  not  likad«  Ho  was  sueooodod  by 
DH.  Other  natlwsatlclans  on  tho  staff  woro  I ».  STROHSL,  DR«  GEISSIÄ, 

SH«  LUDWIG.  2ha  subjoot  was  tho  oaly  aathomatioiaB*  outsldo  Pooaaaondo  wbo  workod 
ob  thooo  jobo« 

JBQSSÜASSEBBk 

As  subjoot  was  askod  to  proparo  an  outlina  of  what  probloms  bo  workod  on 
«f  tor  19U  oboB  bo  flidshod  tbo  V-2  work  allagodly. 

2ha  profoaaers  of  tho  Dornstedt  ragion  belongsd  to  wbat  woo  oollod  o  Vorhaben, 
Pooaowusdo  (abtarsTiated  TP)  or  irbeitsgeaslnsehaft  VF«  tboro  wao  anothor  ona  ln 
Dresden«  Prof«  BUSCH  was  tbo  Vorstand  of  tho  Darmstadt  ona  bot  Mo  oMLef  task 
was  not  tho  dlstrlbtttlon  of  sMoatlfio  tasks  but  nsgotlationa  with  tho  Itnastungkcomando 
to  koop  tbo  Organisation  togotbar  and  aalntaln  oslty«  BUSCH  also  workod  ob  rooelvars 
for  tslanatariig  of  Information  fr  ob  aiaals  to  ground.  PUMA.  DH,  HEKL  o f  Borl^n  ah» 
workod  ob  thls  aad  oa  olootron  optio« 

Bobjeot  workod  ob  trajootorios  for  throo  wlsollos  oollod  tba  R3»  E5  and  H2, 

Thooo  waro  doslgasd  to  Bavo  raagod  of  30»  50  aad  120  kw,  raopoativoly«  fhay  woro  «f 
tbo  typo  thot  la  firot  ohot  r  -  a  gm  aad  thoa  «oooivos  sbokst  booot  ia  flieht» 

2ha  assigasd  probten  was  to  find  if  tbo  optdrai  prooodaro  ls  to  bnara  tho  rookat  in  Bio 
bogisuiog,  aiddlo  or  and  of  tba  trajootory»  and  with  slow  or  rapid  barsing«  Oberst 
3BSBT  ooggostod  thio  probten« 
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Dr.  Rlahud 


tmmmsßMmotrnm 


Kiwitt*  a  Afrti  u*» 


Sr*  Vff|  «m  tolwwiiki  ly  lAt  fttahw  «ad  Dr.  1U  W.  Fortar* 


X»  %b&  MM«  inlMitty  l>Hm«iUHi  Frcfsaaar  «UMf'a  priartplft«mrt 
tha  ?hr  «aa  tot ad  to  aoaa  «atar  tha  itlloaiag  ,  «i 1  pi 

1*  Mi«  MM  «ft  «  «I  |>nWi  «f  fHaUoi  aad  la  |iiU«dtt  friatin 
im  aooll  hasriaga*  Intwawt  haarlap  *ta«  3»  af®  «u  ti  find  aattoda  af 
»MlUj  M«tt«  t*  •  atrial.  Mllb  applieatlena  af  tMi  mtk  mm  thi 
•mvarrnv?  af  M  dtp M  M  tlcdnuk  aMiirtaa  J  aiallar  daviaaa  U  dtd 
tt*  Motto#  pkm$m  *  r«U  im  tte  «IUmU  mgiy  cf  tb»  Mw,  Aiwthar  fU2d 
•M  1ha  «aa  ot  flvi  «oft  liillar  naawilag  iactnwiiiU  «Md  ia  tha  AH« 
MUnattM  m  aln  glon  ta  tha  paaalKLa  «aa  «f  aut  prndaasd  haarlM  aa  «Mi 
ly  tha  MM«  .Ate  Mk  «aa  dm  bgr  ftraihaaor  Hang  la  ccujunottoa  «it|  tha 
dapartaant  af  Staiahaff • 


2.  cnatmmtiaa  «f  tbam  aatan  ia  liquid  aapgra  aad  fMla  aa  «aai  la  tha  H> 
Ham  1  natnawwla  m*ra  lataadad  Mj  ihr  tha  taat  haadhaa  at  Paaamaaia  aad  aat 
fisr  «ma  la  1ha  «rtaaila  ttaaXf*  toikaaar  Siaaag  had  *o  knoaladga  ot  tha  aatnl 
faala  «hiah  ««ra  «aad  Ihr  taatim  aa  thaaa  «ara  appliad  ia  anhand  paotagsa 
althamt  sag  datarlitlna»  Aa  «eemrahDr  af  «p  ta  i*  «»a  raqnatad  aad  1ha  InatnmtM 
«ara  npM  ta  ad  «p  to  48  otmpäma*  Za  aaojunoUo«  «Ith  ttda  «aak 
Fgafhaaer  lia—g  alaa  awwlnid  a  «arlatgr  af  artiflaial  aaaiaa  dtidi  «ara  «M 
ta  tha  oaaatwtlaa  af  thaaa  iaatrmoflta  ta  praaaat  tha  obaoioal  aaUao  af  tha 
liqpld  onm  er  tha  doli,  la  ftmd  tfaat  tha  aoat  «aalataat  t|pa  af  aatarlal 
aas  tthkil  pZaatth  hh  ms  ia  aonjaamtico  «ith  Dr.  Tbial  ead  tha  lastrmaaata 
an»  heilt  parier  In  fp9  «hwc>a  htomtsqr  aad  par^T  ia  FaaaahaAa. 


2.  Raaaar qh  «aa  aorriad  oat  at  Faaaaaaada  hgr  rrafhaaer  Hamm  aa  a  dppraa 
af  ImShISm  ia  flaaae  aa  pradoaad  ly  lipdd  aad  eolld  roskst  faala«  Ia  Udo 
aaoa  alaa  tha  praaiaa  aatara  af  tha  faala  «aa  wkmmmt  hat  it  warn  fiaoiUr  faaod 
that  11*4*  fpala  yadaaad  a  mdfara  um  af  atahaatlao  «haraaa  ia  tim  nlid 
foala  aaoeldantla  hat  aad  flaa  p  rtlalaa  raaaltad  fna  tha  horol*«  A  agrliadvftmd 
aaodaaamr  «aa  «aad  ia  da  aataal  aaaaara»  TH  aonaaa  af  tha  raaaarah  «aa 

ta  datanü»  «hatfcar  tha  laatatioa  tnil  fna  tha  AH  «SST gUa  riaa  ta  a* 
«maalttaa  ia  tha  aaaata  aaotni  af  tha  aiaadla.  Maa  oxpmrimmU  mm 
dtaantlnia*  Mmr  aa  It  «aa  ffcerad  that  tsy  ihn  af  alaatriaal  raaata  aaatHt 
•mxU  hm  ta  ha  dlaandad  aa  halag  «dmtU  ta  jaaalag •  tha  eondanar  darftaa 
hastmr  aaa  ha  ha  taanrpuyatsi  ia  aewa  ihn  af  high  rmp  prajaattla  far  aatoaatia 
mmm  af  tha  hpw  af  ieaisatiaa  at  «ariaaa  Ismh  «p  ta  24  ha«  tha  Halt  af 
1800  irmms  «aa  apaatflart  ihr  tha  aalgfct  af  tha  darin  hot  tha  flaal  valght  aad 
100  graaama«  trotmmr  ataaig  daaa  aat  kaav  it  thia  mm  avar  triad  nt  at  praatlag^ 

4.  dnatraatiaa  af  aodal  taatl^  darlaaa  aad  stwri«  aaatrala  priaarttjr  Ihr 
tha  AH  «ad  paaatbla  aaa  la  aaaaaatlea  «Ith  tavpadaaa.  ttia  mark  «aa  aarriad  aal 
pfiatrily  hpr  Dr.  faaa»  nm«a  aat  tha  dar! aa  la  aald  ta  ha  at  Anaahaffsaharg« 
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Memorandum i  Further  Interrogation  of  Prof.  dt.  WIEWEG,  Kitaingen,  22  April,  1945 


Subject  was  interrogated  by  R.  W.  Porter  and  F/Lt  Stokes. 

This  interrogation  was  to  obtain  a  clearer  idea  of  the  extent  of  the  subject's 
work  on  the  measurement  of  ionization  in  the  flame  (exhaust)  of  a  rocket  motar. 

The  first  measurements  were  made  at  a  considerable  distance  from  the  nozzle  and 
were  made  around  an  arc  of  a  circle  in  the  horizontal  plane  and  also  some  measurements 
in  the  vertical  plane  were  made  with  the  use  of  a  long  ladder  truck  obtained  from 
the  fire  department.  For  these  measurements  an  ionization  chamber  identical  in 
design  to  those  used  in  stratosphere  research  were  employed.  Before  each  test 
random  ionization  caused  by  cosmic  rays  et«  were  measured. 

Later  on  tests  were  made  closer  and  closer  until  tests  were  finally  made  in  the 
luminious  part  of  the  flame.  For  this  work  a  very  simple  arrangement  of  two 
insullated  plates  was  used,  measurement  of  ionization  being  made  by  taking  values 
of  voltage  and  current  across  and  to  the  plates.  ftiany  experiments  were  made  to 
find  the  best  materials  for  the  plates  and  the  insulation.  The  final  mateiials  were 
a  cheap  grade  of  cast  iron  which  had  a  hard  glassy  surface  for  the  plates,  and 
"bakelite"  impregnated  paper  for  the  insulation.  The  device  never  was  used  for  more 
than  one  test.  A  metal  baffle  was  used  to  protect  the  insulation  from  the  direct 
action  of  the  flames.  The  longest  test  ever  run  was  of  the  Order  of  sixty  seconds. 

In  the  flame,  maximum  ion  densities  of  about  10^  ions  per  cc  were  measured. 

Ihis  work  was  done  at  Peenemunde  at  a  spot  on  the  sea  coast  (about  100  meters  from 
the  water)  toward  the  west  end  of  the  group  of  buildings.  A  special  test  cell  was 
constructed.  Many  difficulties  were  encountered,  since  the  whole  test  only  ran  for 
sixty  seconds,  and  the  first  part  was  spoiled  by  large  jtmounts  of  dust,  and  the 
last  part  by  particles  of  the  burner  coming  out.  Both  liquid  and  powder  rockets 
were  tested,  the  powder  rockets  giving  considerably  more  ionization.  The  subject 
believes  that  inconplete  combustion  resulting  in  sraoke  particles  tends  to  increase 
the  ionization  effect  beoaus«  the  smoke  particles  act  as  a  nucleus  for  the  ions. 

Frequently  after  e  test  it  was  necessary  ,  according  to  thh  subject,  to  look 
around  and  see  if  all  the  test  personnel  were  still  alive. 


R.  W.  PORTER. 
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■OHRUMBti  litMNfitta  af  Br«  lUi  Ul9  KLtaü«si *,  21  April»  1945« 

fr«r«  Dr.xnwa  latamgatad  ty  i/it  Stoksa  oui  Br«  ft«  I«  Partar. 

Br«  ro  «a*  also  oiiir  th  aeiantlsts  «ko  «am  oallsd  te  riwiinfli  ft»  «Dar  Tag 
dar  Vslaholt"«  ftt»  «rat  inetraeiione  «em  to  mark  aut  a  asthod  for  daterainiim  tka 
Variation  ln  daaalty  ad  tka  air  ln  a  wind  tosml  paar  tka  nodal«  Thla  «Msoreasat 
aaa  ta  ka  asd*  with  a  high  dsgrsa  of  praeialon  If  poaeibO«.  Um  problra  «u 
aetoally  «Ivan  bft  *»•  Mim,  kaad  of  Abteilung  AJU  Hossvar,  Dipl«  lag.  Hamt 
«ad  Mpl«  Dg«  ftraebT  «am  astlvs  In  tkla  vcrt  and  Arnold  in  partlonlar  vlaltad 
Damatadt  fräqoaaUy« 

Bio  «rat  aalatU«  wem  maty  ia  tka  spring  of  1941|  all  aubaaqaanA  «ark  eonalstsA 
af  laprrwita  la  mwoj  er  la  taohariqas.  In  hla  «rat  itttraants,  far  «xt^U. 
ka  aaad  a  "Zählrohr*  aftailar  4a  tka  Gelgar  tuba  far  «sandig  tka  loniaatlem,  lat« 
ka  dsselagad  aa  imAMftsa  nliwftr  of  lala  own  shich  vaa  oauaiderad  batte*  «r  tkla 


tka  iytka  eonaiatoft  af  aa  IHhy  taka  aa  amoged  that  a  aarroa  kam  af  lpv  aamr 
(20  to  30  KV  oobalt  aaoda)  X-radiatlen  eotüd  ba  aada  to  paas  acroas  tka  tannal 
Ikreagb  «all  halaa  aaaaiad  with  plastia,  and  to  aaerga  fron  tka  otkar  alda«  A 
piteaUtpr  cf  sooft  pairf  af  ftolaa  «aa  prorldad  m  that  «aioir— ata  oould  ba  aada  all 
aroond  tka  «edel«  laaolty  aas  dataraUad  by  «aaanring  tka  abaorptlon  of  rwdlatlaei 
dortig  tka  paitaag«  tfcrmgb  tka  «orklag  aeotlon  af  tba  turniil«  Dr«  Raa  agraaa  that 
thls  Mtkod  la  net  partiealarly  aoonrata  at  beet  aal  lika  othsr  aathoda  oaa  ba 
na  ad  far  qualitative  mahlte  only,  onlaaa  tka  flow  la  atrietly  t«o  dlaanaional«  la 
«tatad  that  tka  «vteed  «aa  daflnitoly  aot  auffieiently  Sharp  (not  suffloiently 
good  raoolation»  ia  othar  «ordt )  to  ba  of  aaob  mm  ln  etudyirg  akoek  stos.  Hont, 
nothing  also  «aa  «veil  «hl«  at  that  tlaa/ 


An  Order  «aa  glma  •  Veiae,  Tianm,  far  apparatae  to  aaaavia  denelty  ty  an 
lnterferranoa  aatkad«  thla  «aa  droppad  howwr  beoouee  ium  axparlosnt*  aada 
öf  Dr«  Raa  skoead  that  tka  «athod  oould  not  «ork  on  aoeotmt  of  ths  aoveaant  of  tha 
«Indo««  and  «alle  af  tha  «lad  tannal  nad«r  pr «saure« 

Tha  «ork  «hop  at  tka  T«ft«  Daraatadt  receivwd  an  ordar  and  drasliga  froa  Paeneaaade 
to  bcdld  a  device  ta  «raluate  Schlieren  photographe  la  soA  a  «ay  aa  to  nsa eare  tfta 
daaalty,  Thla  ^puatpaa  not  qnlta  flniehad  «haa  tba  boabing  deatreyad  1t  (pcrohably) 
Obarwarkaalater  Hex  SoffOaa  «aa  la  Charge  of  tha  work.  Dr«  Unklar  of  Paenamdo 
mpeatedly  vielte*  uaraatact  la  oeaneetlon  with  thla  pro J  aot«  lhs  drgriiga  war«  nat 
Sabel*  an!  nljht  net  ft ava  baaa  daatreywd« 


thcu^t  that  tka  «lad  tannal  had  1 
i  addrwaa  ka  had  aast  «oaaatly  aaad 
')• 


«aa  "Dr«  <ft*af"  Uunldh,  Poet  Box  < 


tlaa  kga« 

(c^aldaH 


Othar  diaparaal  pelata  of  latoraat  am« 

(a)  Bildbarghannaa»  hataaaa  Ifalaigaa  and  Oaborg  (Hl)  ln  tha  ricinlty  of  tha 
gaa  plant  thara  «wo  awaaa  «blak  «wa  at  tka  dlsposal  of  tha  fhyiikallaeha  Institata 
at  Darnstedt  f  «Hg  Tha  r« oaa  balaogad  to  a  total  laaaaroh  Inatitatioa  knovn  aa 
7«X«P  -3«  1ha  faafllHta  an  abtalasd  fbr  Sftraatadt  throogh  Dr«  Balnrloh  fleeftar 
«ho  aao  a  foraar  p^Al  af  ftea’a  sarfcüg  oa  datalopaaat  «f  a  ftUdaudlar  far  tka 
Zrlfgaaarl  aa,  II  ia  balftatad  that  at  laset  a  part  of  ftaa's  aaotion  plannad  m 
■oad  thara  ia  caaa  af  traatla, 

(ft)  Ihr«  Oabany  af  fta«,  last,  raaalval  ordara  ia  aonaaatlaa  «Ith  a  akort  «a«a 
gaaaaatar  oallad  a  ifltada  taar  fraa  ladftrlahtaa-lliUal  Tarrabs  Knaaanda 
fmarly  «f  IM  • -  laatlf  af  «alfbaftattal  am  Brauaaahaalg, 


in 


(ffibiv  Isfcmti**  «ftfeliwd  trm  om  t»f  Rmi90  ««tUtent*  iwnf  t  th«  ftwt 
tkti  Mw  «m  voarklxy  m  12*30  üs  ^w«  ««*  1*  th*  tm  «f 

§*':  M  MlMC«) 


*.  w#  raoau 
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Memorandum.  .  Visit  to  Darmstadt  on  25  April  45. 

Places  vlslted.*  At  the  Technische  Hochschule  the  high  voltage 
laboratory  of  Prof*  Hüter,  and  the  laboratory  of  Prof*  Busch 
were  visit ed*  Also  the  laboratory  of  Prof,  Wagner  was  visit ed. 
The  homes  of  Prof*  Busch  and  Prof.*  Walther  were  visit ed. 

ftigh  viltage  laboratory*.  Dr.  Steul  and  Dr.  Fischer  showed 
us  around  the  high  voltage  laboratory.  Regular  lecture  and 
experimental  apparatus  for  high  voltage  work  constituted  most 
©f  the  equipment*  High  voltage  transformers,  sphere  gaps  for 
calibration,  large  cylintrical  capacitors,  strings  of  HV 
insulators,  and  a  large  Impulse  generator  bullt  by  AEG 
were  the  principal  Items  seen* 

The  Hüter  pressure  measuring  devices  were  dlscussed 
with  Steul  and  Fischer.  A  Sketch  was  drawn,  a  copy  of  which 
iS  attached.  These  were  ordered  for  the  Peenemunde  wind  tunnel, 
The  work  was  begun  in  1940  and  finished  in  1942.  The  Xray 
System  for  density  measurement  was  also  reportedly  sent  to 
Peenemünde  two  years  ago* 

Busch* 8  Laboratory**  In  Busch's  laboratory  we  found  a  room 
supposedly  devot ed  to  the  testing  of  a  telemetering  transmltter 
called  the  Messina  II«  This  work  was  done  elsewhere,  sent  in 
for  testing,  and  sent  out*  Samples  of  the  transmltter,  and 
measuring  equipment  such  as  a  Camera  and  oscilloscope  setup,. 
and  other  miscellaneous  equipment  were  brought  back«  Allegedly, 
another  party  had  brought  Prof*  Busch  there  two  weeks  before 
and  had  taken  away  all  remaining  papers  of  importance.  Also 
allegedly,  papers  and  equipment  had  been  taken  JbföX  by 
Dipl.  Ing.  Schnapper,  Luts  and  Hartmann,  asslstants  who  fled 
about  three  days  before  the  American  troops  arrived* 

Dr.  Fischer**.  Dr  Fischer  volunteered  the  Information  that 
he  had  done  some  research  work  on  Infra-red  detection  devices 
some  time  ago  for  the  Navy.  He  worked  at  Kiel,  Berlin,  and 
Gutteningen.  He  worked  with  Sparks  of  1/2  microsecond  duration 
and  10  watt  seconds  energy,  from  which  all  the  visible  light 
was  flltereds  lead  sulfide  cells  were  used  asa  detector,  »wd 
ränge  was  measured.  He  was  able  to  see  ships  at  a  distance 
of  pOOO  meters  and  probably  could  have  lncreased  ränge,  but 
sinoe  the  device  could  not  see  through  fog  the  Navy  lost  all 
Interest. 

Prof*  Busch’s  home*.  Frau  Busch  was  interrogated  about  her 
husband’s  work  places  but  claimed  to  know  very  little*  No 
trace  was  found  from  her  or  the  people  interrogated  at  his 
lab«  of  the  so-ualled  Busch's  tower  mentioned  by  Cmdr*  Marchant's 
party. 

Prof*  Walther 's  home...  This  was  vlslted.  but  we  found  that  the 
other  half  of  our  party  had  preceded  us  there  that  same  day,  so 
no  interrogation  was  performed. 
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Prof«  Wagner 's  Laboratory. . .  This  is  at  the  Tech.  IlÖchschule. 
Large  quantitl.es  of  all  kinds  of  Chemical  apparatus  and  Chemicals 
were  around«  Some  itnms  were  fuund  and  brought  back  which  appear 
to  be  connested  with  the  eleotrolytic  cell  Wagner  deslgned  for 
the  Buohhold  I-Gerät.  This  included  some  cells,  unfilled,  made 
of  glasst  with  two  lä-shaped  electrodes  of  silver  wire  sealed 
in  at  one  end  and  with  a  sealing  off  tube  at  the  other  end.  These 
individually  wrapped  and  of  good  uniformity  indicating  that 
they  were  probably  of  production  manufacture.  Some  silver  wire 
of  the  type  used  for  electrodes  was  also  brought  back. 

There  were  a  number  of  small  tubes  of  alloys  such 
as  W  Al«  and  U  Al^  that  were  probably  merely  from  doctorate 
theses  Investigations  of  phase  diagrams  but  may  indicate  a 
special  Interest  in  uranium  or  alloys  of  this  ty/^pe  so  ivere 
brought  back« 

Investigators. ••  The  investigators  in  this  party  were 
Dr«  H.A.Liebhafsky,  Capt«  T.  Drysdale,  R.A.Soderman,  and 
W«  Hause,  all  CIOS  investigators. 


J«  Haus  2«  27  April  45 
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TARGxgga  OP  Qfgütitü^ITT  CQKN5CT£P  ä?ITH  DASM3TADT 

TECHNISCHE  HOCHSCHULE  VQRgjBStf  P&bJjjMUKM — 


Dlapers&s  of  Professor  Vieweg. 

!•  Biamgirk  Tower,  Nieder  Ramataedter  Strasse,  Darms tadt. 

rhis  locetion  was  vislted  by  Colonel  O’Mara,  F/Lt.  Stokes, 
and  Dr.  Porter,  ur.  ihys.  Theodor  Qast  and  Dipl«  Phys* 
(rr&ulein)  Alpers  werc  round  working  there  and  toere  Inter— 
viewed«  The  principal  work  of  this  Aussenstellen  was  the 
development  of  eleetrieal  equipraent  for  measuring  the 
prcpertles  of  synthetlc  res ins .  The  latest  work  along  this 
line  was  an  automatic  bridge  for  measuring  dieleetrie  eon- 
stant,  power  factor  and  the  like.  Inoorporated  in  this 
bridge  was  a  novel  type  of  eleotrostatio  Voltmeter  eapable 
of  very  rapid  response  and  at  the  same  time  high  sensitl— 
vity.  Dr.  Gast  elaimed  to  have  been  visited  by  an  Intelll* 
gence  teas»  shortly  after  Darmstadt  was  occupied,  to  have  gone 
to  the  ÄUG  wlth  the  leader  of  this  teain,  and  tö  have  obtal* 
ned  permlssion  to  ccntlnue  hie  work,  and  that  he  had 
surrendered  two  coples  (all  he  had)  of  a  paper  entitled 
"ein  Neues  Statisches  Voltmeter"  descrlblng  hla  experimenta« 
TnlB  paper  was  traoed  to  the  E.B.I.S.  Serenth  Army  whloh 
looated  at  Darmstadt,  where  it  ras  reported  that  both 
cooles  had  been  tumed  over  to  Com,  2«  Paria  and  suggaated 
that  they  could  be  traoed  through  Captain  Smi  Le«  at  3ig. 

Sec«  S.E.l.s,  there«  No  fu^ther  aetion  haa  been  taken 
tJ.ORg  this  line«  The  experimental  apparatos  at  the  Tower 
appeared  to  be  nearly  eomplete.  In  faot  Dr.  Cast  said  that 
he  believed  he  wculd  have  it  ope*  atlng  wlthln  a  few  weeka« 
riefly  the  Voltmeter  eonaieta  of  a  thin  ehest  of  foil  sus- 
pended  between  two  parallel  platea.  ln  such  a  way  that  it  iS 
free  to  move  toward  elther  of  the  plates,  belng  reatrained 
only  by  a  light  spring  aotlcn«  The  whole  aaaambly  la 
enclosedin  s  plaatlo  box  of  unusual  design«  Movemant  of 
the  foil  1s  detected  oy  an  alaetrioal  meaauramant  of  aapaeity 
rather  than  by  dlreot  indloation« 

lbe  only  plaatiea  aetually  made  at  tha  Tower  wora  amall 
amounta  of  polyatyrol  res  I  ns«  Other  rsslns  wara  mouldad  er 
otherwlae  treatad  thera,  however,  and  for  thia  purpoao  a 
reasonable  amount  of  Chemical  and  mechanical  apparatua  waa 
providad«  Dr«  Gast  was  familiär  wltb  Profoaaor  Vieweg'a 
work  on  flow  and  pressure  metera  for  alcohol,  namely  Thlokol 
(Polyethylene  tetra-tulphide)  obtainod  fr  cm  Thlokol  Ooaoll* 
schaft,  and  Vinld  r  (polyvinyl  chlorido)  fron  1.0.  Farben, 
Bitterfeld.  For  the  liquid  oxygen  Instruments,  ono  oax* 
even  uae  cotton  or  paper-base  phenol-formaldehTdea  aeeord- 
Ing  to  dt«  Gast,  but  Vinldur  or  Floxlglaaa  la  better«  Oxygoa 
tends  tc  cake  all  of  the  plaatloa  brlttla,  but  aatlsfaatory 
Operation  for  ahort  perlods  of  time  la  obtalnad« 


Er  Gast  was  further  Interrog&ted  &t  his  home  ln  Kberatadt» 

164  Adolf  Hitler  Str&aze.  Bo  seid  that  Dr«'  Klingelhoeffer 
and  Dr*  tonet  h&d  boon  working  on  the  problem  of  oleotrloal 
ah&rged  on  tho  holl  of  tho  A4  Roeket  and  thelr  posalble 
offoets  on  its  Operation«  All  of  thelr  popers  and  apparatusf 
ho  bellewed»  h&d  boon  removed  to  Kuenzelsau  to  tho  Lome  or 
factory  of  Dr«  Hausermann  (see  reforonoo  later)«  Bis  under- 
Standing  of  tho  Problem  was  that  on  eleetrio  eharge  could  be 
bullt  up  during  tho  flight  of  tho  rooket  either  by  aotlcn  of 
tho  Jet,  or  by  tho  frletlon  of  tho  alr«  Thie  eharge,  if  1t 
ohould  attmin  sufflelent  magnitude,  oould  cause  failviro  ln 
tho  Operation  of  tho  radio  equlpoext  b© cause  of  interferono« 
fron  oleotrloal  dlseh&rge  or  eonona«  Ho  sald  ho  thought 
soko  praotloal  resulte  h&d  been  achieved  booauso  he  understood 
radio  oontrol  was  belüg  uaad  on  tho  A4  operational  ly. 

Dr«  Gast  was  askad  about  tho  testing  apparatus  designed  by 
Dr«  Yleveg  for  tho  Steuerung  Gerato  of  tho  A4«  His  answer  waa 
that  Dr«  Haousermann  had  done  almost  all  of  the  werk  on  that 
projeet  at  tho  dlsporaal  in  Jugenheim»  but  that  he  h&d  been 
erdered  to  remove  all  of  thls  work  to  his  hone  in  Kuntel  ««au 
bofore  tho  ooeupatlon« 

A  oopy  of  a  thoala  by  kinifred  Op  eit  entitlod  "Daempfung  von 
HogolYprgaongon  durah  Verzeogerte  iüieckfuehrung ,f  whioh  was  dono 
undor  tho  dlrootion  of  Prof«  Vlweg  was  obtalned  fr  cm  Dr.  Gast« 

8«  Juaanhef m»  Alto  Borgstr«  5  ttorkshop  of  äehwlnn.  This 
loeation  was  Tlslted  by  Colonel  O'M&ra,  r% t.  Stokes,  and  Dr« 

Porter,  aeocmp&nled  by  Dr.  Koehler  (German,  soe  reforonoo  later). 
Thora  waa  awldonoo  which  showed  that  olootrlcal  and  meehanical 
developaental  work  had  boon  o&rriod  on»  but  all  material  of 
intarszt  had  b®*m  romowad«  Dr«  H&eu&erraann  *  s  nsme  appoarod  on  tho 
door  e£  ef  th~  1  .ookors»  &  largo  runter  of  wooden  bozos 

wäre  pllod  ln  ~ne  ao*-u«r  of  tho  ohop»  whioh  wäre  found  to  oontain 
eonpleto  eq^tpaeat  for  photostatlo  reproduction,  and  also  somo 
personal  thlngs  balonglng  to  Prof«  Vieweg.  A  large  lathe  and  a 
fow  other  machlns  toola  wäre  still  ln  tho  ehep»  and  thero  was  a  small 
quantlty  of  wary  zoft  aluminiua  rod  ln  warying  sisea. 

5«  Kl  oder  Modau.  Homo  and  Laboratory  of  Ifr.tti  Liebrand.  Tn» 
laberatery  was  formerly  a  Hitierjung«nd5>olmt  whiöh  was  tai<en  over 
by  The  Dariuatadt,  T»  B.  az  a  dloparzal.  Dr.  Hildebrand  was  IslW 
on  two  moparata  ooeasions,  tha  firat  time  by  F/Lt«  linery  and  an 
Interpreter, and  tha  zeoona  tlaa  by  F/Lt«  Stokes  and  Dr«  Porter« 
ln  tho  firat  interview  he  alalaad  to  have  baon  working  cn  friotlon 
neazurements  on  ball-baaring  raoaz  untll  the  and  of  1948  and  than 
on  prossura  naasurlng  Instruments  untll  the  bomb  inj;  in  September 
1944«  SInoe  that  tlmo  ho  had  been  trylng  to  organlzo  the  Jugenheim 
dloparzal  and  had  done  no  development  work»  but  hoped  to  work  on 
tad&ametera,  Bo  olaimed  to  know  vory  llfctle  about  Peenemunde« 


■  stg* 


that 
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'Ino«  thia  sfcory  was  oontradioted  by  de  eminent  •  showlng 
that  he  had  been  in  Peenemünde  a  number  of  times«  ha  vaa 
intervle^ed.  again  and  asked  to  explaln  in  datall  «hat  ha 
had  been  dcing  on  eaeh  of  thoae  trlpa« 

Prior  to  1943  ho  app&rontly  had  beer*  working  on  ball  baarlng 
probiere  äs  indioated  in  the  first  interivew.  On  87  February« 
1943«  hcwewer,  he  was  inductad  into  tha  aray  and  want  to  an 
infantry  training  camp  paar  Coblens*  After  fourtaen  daya 
he  was  sent  to  Versuohskommando  Nord  (whloh  oonalatad  of  a 
grr'np  of  maehanlos  and  taohnioians)  at  Peenemunde«  Ha  appaalad 
to  a  ßr*  Schüler  whcn  he  knew  and  erränge d  to-ba  sant  baok  to 
Ifeu^sstadt  in  April  1943  to  «ork  on  a  Öeh&elteratands  Mos« er 
(liquid  lewel  indloator)«  This  was  to  be  a  davioe  of  tha 
eepaelty  type  whloh  would  indioata  aoourately  tha  lawel  of 
liquid  (auch  as  rooket  propellanta)  in  a  tank«  He  oompletad 
such  an  Instrument  and  sent  it  to  Peenemünde«  but  dcesn't  know 
whether  or  not  it  wae  ever  usad« 

In  addition  to  his  dewelopment  work  ha  fraquantly  aotad  aa  a 
Courier«  going  to  Siemens,  Xuggel -Fi  seher,  Kralaal  Oe  rata« 
and  other  m&nuf&oturers  to  oolloot  Instruments  and  apparatua 
for  the  Hoehaebula. 

Etaring  tha  Summer  of  1944  he  went  to  I.Q.  Farben«  Bitterfeld« 
to  dlscuss  the  posslbllity  of  Improved  methods  of  manufaotura 
for  the  carbon  wanea  for  the  A4  rooket«  1*0«  Farben  had  imprag- 
n&ted  some  aamples  of  graphite  with  a  aynthatlo  raain  and  had 
aent  soaae  of  them  to  Prof«  Viaweg  for  tasts  of  haat  eonductlvlty 
and  reaiatanoa  to  high  temperatures«  Prof«  Viawag  was  interested 
ln  the  ecmbination  of  graphite  with  rasin  and  sent  Hildabrand 
to  Bitterfeld  to  find  out  whether  or  not  they  know  abcut  any 
materlals  which  would  stand  the  high  tempere tures  raquifadfor 
tha  vanaa  of  the  A4«  Also  Dr.  Viaweg  had  hopad  that  it  night 
ba  poaalble  to  xsould  these  wanea  ualng  a  mixture  of  graphite 
and  resin«  beoauae  tha  method  of ^ manuf aoture  fron  solid  blocke 
of  graphite  «aa  axpenalve  and  took  a  long  time«  I.G.  Farben 
hold  Hildebrand  that  there  «aa  no  material  «hi oh  would  stand 
tha  requlred  temper&turea  1  howewar«  ha  aaya  that  ha  later  leamed 
that  Farben  had  a  patent  for  treating  graphite  "eleotrodes” 

«Ith  phosphorio  aold  or  phosphates«  to  prewant  them  fron  burnlng 
a«ay«  and  under  Stands  that  wanea  treated  ln  tha  «ay  wäre  supp« 
lled  to  Peenemünde«  Testa  on  thsse  wanea  «ere  reportsd  to  hawe 
been  inconoluaiwe«  Dr«  Hildebrand  is  reasonably  eertaln  that 
the  wanea  uaed  ln  produotlon  are  all  made  of  untreated  synthatle 
graphite« 

ln  Oot  bar  1944  Dr*  Hildebrand  took  ower  the  work  «hloh  had 
been  hahdled  prewiously  by  Dr«  Sohneider  another  of  Vleweg's 
aasistanta«  (Dr«  Schneider  was  kill  ad  during  one  of  our*  raida 
late  in  3eptember  by  a  low-flying  strafing  alroraft»)«  Thia 
«ork  had  at&rted  «Ith  the  applleation  of  resin  impregnated 
paper  to  tha  oonstruetlm  of  flaras«  orlglnally  made  of  aluni* 
nlura«  At  the  time  he  took  over«  Dr«  Hildebrand  says«  the  Job 
conslsted  largely  cf  exporlmentlng  «Ith  resins  as  bonding  agents 
for  tha  povder« 
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Hinety  parta  =  f  the  powdjp  to  ten  parfcs  cf  &  solution  of 

re  9  In  ln  bensol  iar#  ueed».  the  solution  usually  consist- 
Ing  cf  Trolitul  (polystyrol)»  one  part»  bensol  aeven  to 
tan  part a •  Thay  also  uaad  a  number  of  othe.?  materlals 
Incltfding  an  acld-prcof  putty  -  trada  nana  "Asplit"  (phenol- 
basta)  made  by  I •  Farben»  the  exaot  oonpcaltion  of  whieh 
was  not  known«  A  number  bf  vislts  were  mada  to  a  Dr.  Kir-* 
sohnar»  of  rlafeld»  speolallats  ln  flaras»  at  Sllberhuette« 

Dr.  Hildebrand  was  asked  partloularly  abo-t  soivontless 
"vamlahea"  for  th©  above  applleatlons  and  answered  that 
there  wer©  aome  ln  exlstence  and  that  thay  were  tert ad»  but 
ha  oculd  not  or  would  not  give  the  nana  of  any  audh  material« 

The  l&at  trip  mada  by  Dr«  Hildabrand  to  Peenemünde  was  ln 
Fabruary  of  1943»  when  he  went  there  to  disouss  the  problem 
of  spaed  ihdioators  for  the  test  banohes«  The  devlee  was 
known  ms  a  Drehzahl  Messer  and  was  wantad  by  Dipl«  Ing« 

Schaler  of  H«A«P.»  Abteilung  fuer  Versuche»  Group  M«Q.  It 
was  to  ba  used  with  an  automatic  reoordlng  devlsa  mada  by 
Hartmann  and  Braun»  &  sample  of  whlch  Hildebrand  Int ende d 
to  taka  back  to  Danpatadtj  but  at  that  time  the  reoordlng 
deviees  had  already  baen  pack  ad  up  for  sh  1,- ment  away  fr  cm 
Karlshagen«  The  frequency  of  the  taoh  ganarator  was  to  be 
200  Hs«»  (12000  HTM )  if  directly  connected»  but  it  was  in- 
tended  that  It  would  eventual  ly  ba  gaared  down  four  to  ona 
SO  ' that  the  fraquenoy  would  be  50  Hs«  The  ränge  was  to  ba 
altamatlvely  plus  or  minus  ona  eycla  per  sec«  or  plus  or 
minus  flve  cyolas  per  sao« 

Dr«  Hildabrand  returned  fron  thla  trip  in  early  March  and 
had  been  trying  to  prepare  hls  lab  .mtory  at  Mieder  Modau 
slnee  then« 

At  this  laboratory  wa  plekad  up  a  «mall  sample  of  a  synthetle 
^ubbyr  whlch  was  up  *  ln  prassure  and  flow  Instruments« 

Dr*  tüLldebruhä  sithar  oould  not  or  would  not  Identlfy  tha 
material« 

Also  ln  Mieder  Modau  was  &  Photographie  reproduotlon  esta* 
blishment  loeatad  at  Tatar  Gemeinderstrasse«  There  waa  nothln 
of  taohnleal  Interest  there«  Apparently  Prof«  Vleweg's 
Institute  had  planned  to  do  photo graphlo  werk  for  thalr  publla 
atlons  at  this  looation« 

4«  Kunselsau,  Homo  and  lronmonger  shop  of  Dr.  Fhys« 
Hausaernann's  faaily.  F/Lt.  anery»  Mr.  Haus  and  HC0  Qreb- 
stein»  Interpreter»  vlslted  this  dlsparsal  hoplng  to  find 
Dr«  Haus o ermann,  Dr«  Kllngelhdffer»  and  Dipl.  Ing«  Ar&et« 

Mo  ona  was  found  but  Dr«  Hdussermann«  Ha  statad  that  he 
had  oome  by  road  with  sevaral  othera  frora  Damstadt»  inelu« 
ding .  Klingelhöf f ab,  Arnat»  and  some  codier  assletants  of 
the  former«  Arnet  started  back  to  Damstadt  shortly  before 
F/Lt«  Ekaery  arrlved  and  was  presumably  somewhere  on  the  way 
on  foot«  Klingelhöffer  went  on  to  Begensburg  along  with  Me 
aaslstants  before  tha  Allltd  onnupatlon  of  Kunze] sau,  vhi’e 
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IiausBenuann  stayed  or  with  hie  family*  Me  inalsta  that 
only  one  w&gon  load  of  tha  roteri  «1  and  papers.  they  took 
frca  uansstadx;  reaehed  Kunaelaau»  the  reat  belng  destroyed 
on  the  way.  Thls  wagon  is  aald  to  have  contained  only  the 
lathe,  grinder,  and  other  miscellanecus  tools  aeen  ky  ms? 

Invest ig&t ero * 

Or*  Hausoercr.arjn  worked  at  Peenemünde  from  Decembor  1059 
untll  May  1942  on  stability  ealoulatlons . .  The  work  was  denn 
under  a  Dop«  Stauding  «ho  arrived  at  many  of  the  aase  results 
aa  Prof»  saloher,  working  Independently»  Several  ulnofc  dis* 
putes  aroae  betwe^n  the  two  men  over  the  queetion  of  whiöh 
one  had  originated  oertaln  methods.  ln  1942  Bauasermann  oame 
to  Darms tadt  where  in  addltlan  to  teaehing  dutiea  he  was  assl* 
atant  to  Prof.  Vieweg.  Bla  work  for  Vieweg  eonalated  solely 
ln  working  out  a  testine  devioe  for  the  rooket  ateerlng  o entroll« 
fhere  is  one  auch  devioe  for  the  oontrol  of  eaoh  axla,  oonsls* 
tlng  of  a  pendulum,  damping  vane,  and  torque-motor  oapable  of 
•imulating  the  dynamiea  of  the  rooket  ltaelf.  He  waa  aaked  to 
prepare  a  pap  er  on  thls  devioe  and  on  the  tost  proeodnre  uaed» 
inoiuding  all  neoessary  drawings  and  promlsed  to  have  thls 
paper  flnlshed  by  May  11.  Col«  Glfford,  T-Foroe,  Sixth  Amy 
has  made  arrangement*  to  hare  Interpreter  Orebatein  eolleet 
the  paper  on  that  dato  and  to  forward  1t  te  GIQS  Sekretariat, 
London,  attention  Heath. 

Br»  Klingelhoff er  la  alleged  to  have  reported  direot  to  Yleweg, 
and  Kauss ernenn  inslsti  he  haa  no  knowledge  of  thia  work- 

5«  Parma tadt  Home  of  Prof.  Vieweg.  Thls  house  waa  insp- 

eeted  earefulÜLy by  F/Lt«  önery  who  removed  a  number  ©f  doeuments 
relating  to.the  admlniatration  of  the  FMaotlsehes  Physlaehes 
Institut  ofwhicfc  Prof»  Vleweg  waa  the  leader»  Only  one  proved 
to  be  cf  intereet,  howerer,  nanely  a  fil#  containing  passee 
for  the  varloua  aaslstanta  to  go  to  Karl  aha  gen»  Berlin  and 
other  plaees,  The  other  doeuments  wäre  retumed» 


B»  Disperaal a  of  Prof»  Walther. 

1.  Darmstadt  Bane  of  Prof»  weither.  Ool«  O’Xara» 

F/Lt.  Stokes,  and  Dr»  Porter  vlslted  thls  house  beeause  it  had 
been  llsted  ln  doewwents  feund  ln  the  Hoehaohule  as  the  hsad- 
quarters  of  the  Praktische  Mathematische  Institut  ef  Prof. 
Walther.  Frau  «/alt her  was  found  thsre  together  wlth  several 
young  students  who  were  still  working  at  the  ealoulatlon  and 
tabulation  of  Bessels  funotions. 

Frau  Aalther  seemed  unwilling  to  give  any  Information  until 
ehe  knew  exaotly  what  Prof»  weither  had  sald  but  after  belng 
eonvinoed  that  he  had  been  reascnably  open  she  gave  us  a  little 
Information  about  the  aotlvlties  at  ths  other  dlspersals  and 
the  people  who  had  been  working  at  them»  A  löt  o{  doeunents 
were  found  of  the  usual  admini  st  rational  typs,  and  several 
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new  oompilations  of  Bassel fa  funetlons  of  rarioua  klnds. 

Kothing  of  a  olasslfied  natura  waa  to  ba  found#  'All  such 
papers  had  allegedly  besn  bumad  or  oarried  away  to  tha 
disperaals. 

Frau  Walther,  haraalf  a  Prof«  Math«#  waa  aakad  why  tha 
▼arloua  gevernment  organiaationa,  auoh  aa  RLM,  and  tha  llka 
wäre  Intarastad  ln  Bassel fs  funotiona.  Sha  oontlnuad  to 
lnslst  that  it  was  all  ln  tha  oauta  of  "Solansa”  and  ao  on« 

Sha  added  howevar  that  tha  oaloulatlona  oovered  Integral 
ordars  ta  iwen  deolm&l  plaoas  lnataad  of  flre  aa  ln  exlstlsg 
tables,  and  that  seme  work  waa  balng  dona  on  tabulatlofts  of 
tha  ona  thlrd  ordar  aa  oonplax  numbara#  Tha  houaa  waa  Ins  p*  et  ad 
aa  oarafully  aa  time  and  tha  oondltlons  would  permit,  bat  thara 
la  a  posslblllty  that  doeumenta  of  intaraat  night  atlll  ba  hlddan 
ln  this  looatlon. 

&•  Arhallgan  (naar  Darmstadt)  Home  workahop  of  Hflndadorf, 
ona  of  Walther» a  techniolans.  Inapaotlon  of  thla  looatlon  waa 
oade  by  Colonel  0»Kara,  P/Lt.  Stokes  and  Dr.  R*  W.  Porter,  It 
waa  hopad  that  parta  of  Walther  's  oomputlng  maohlnaa  might  ba 
found  there.,  but  tha  plaea  turne d  out  to  ba  a  wary  ordlnary 
basement  wlth  a  small  work  banoh  and  a  faw  h&nd  toola.  Spare 
parta  wäre  found  for  tha  atandard  makes  of  caloulating  maohlnaa 
and  typewritera,  but  nothing  of  any  teehniqal  Interest.  Hflndsdorf 
was  not  thara«  but  It  aaema  obvlous  that  tha  story  told  by  hla 
wlfe  la  true,  namaly  that  ha  makes  hls  living  repalrlng  tha 
caloulating  and  typewrltlng  maohlnaa  uaad  by  tha  Hoehsohule,  and 
ln  particular  by  Prof.  Walthar. 

3.  Niedernhausen  ELeonorensohula.  /  thla  looatlon  Dipl.  Ing. 
Thiel  assisted  by  Dr.  Ing  Glaser  and  Dipl,  Hat  Slpf  (Fraulein) 
worked  wlth  about  fourteen  glrla  on  aerodyhamla  and  stress  aal- 
culationa  for  Junkers,  roo^at  trajeotory  oalculations  for  H.  A.  P. 
and  eeloulat Ions  of  tha  characteri»** «•  0f  remotely- eontroll ad 
bombe  fw?  Da  F. 

The  school  was  vlslted  by  Colonel  0  ’Mara,  F/tt .  stokea  and 
R*  W.  Porter,  and  found  to  be  oloaed  and  empty,  The  Burgomelster 
from  whorn  the  key  was  obtalned  aaid  that  Dr.  Thiel  had  taken  all 
of  hls  papers  away  by  Courier  sever&l  weeka  before  our  troope  aama. 
Hls  father-in-law  was  looated  and  from  hlm  It  waa  found  that  Thiel 
had  gone  to  Constanoe.  (Frau  Walther  told  ua  that  he  owne  fr<m 
Vienna  and  that  he  would  probably  g©  b&ok  there  aa  soon  aa  he 
eould. )  .-  Fräulein  Slpf  probably  went  baok  to  her  home  at  15 
Weberstrasse  ln  Frankfurt.  A  number  of  Tbtters  were  found  addreasad 
to  her  from  that  looatlon.  Nothing  la.  known  about  Dr.  Glaser 
exeept  that  Frau  Walther  belleves  he  eame  from  Steiermark»  Austria« 

Ko  olasslfied  papers  reuained  ln  the  sohool  at  the  time  of  our 
Investigation;  however  in  sfrite  of  the  faot  that  offleera  had  been 
quartered  there,  a  valuable  library  of  raaent  mathematleal  and 
aarodynamlo  works  was  found  And  brought  baek  to  England.  In  add- 
ition  a  few  papers  and  manuaoripta  by  Thial  or  Glaser  wäre  found 
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which  may  be  of  eowe  internst,  Among  other  odds  and  enda  was 
&  tabulation  of  the  met&ls  ussd  In  alreraft  constructlon  and 
their  dealgnatlona. 


4*  Hohenstadt  near  Bad  Wimpfen,  Small  School. 

Thls  dispers&l  of  Prof,  Walther* a  was  Invest Igated  by  P/Lt. 
Eoiory,  ft.  Hausa,  and  NCO  Grehstein,  Interpreter,  The  group 
her©  ccnsisted  of  Dr.  Schöbe  and  Dr,  Selow,  ten  girls  and  one 
Student.  The  work  done  was  sald  to  be  all  of  a  purely  maths- 
matlcal  nature,  both  of  the  leaders  profeasing  not  to  know  what 
applioatlon,  lf  any,  was  Intendedt 

(a)  A  problem  put  by  NVK  was  the  oalculatlon  of  Beasel's 
funotions  of  Integral  ordere»  Jn(x)  where  n  1,  2»  3,  ste,  up 
to  35  and  x  varies  from  0  to  65  ln  lnerementa  of  0.2.  The®# 
were  done  to  seven  placea. 

(b)  Selow  had  started,  apparently  aa  a  Doetorate  Pro Je et  the 
oalculatlon  of  Bosaolva  funotions  of  tho  one-third  oia© r  in  the 
complex  plane  with  the  componenta  worked  out  fco  flve -place 
aocuracy, 

(c)  Calculatlcna  were  i&ade  for  Telefunken  of  the  propagatlon 
of  eleotric  flelds  over  a  curved  earth.  Wavelengths  from  0.01 
to  50  meters  were  consldered,  with  the  transmitter  at  5,  20* 

SO,  and  100  meters,  and  the  reoeived  at  50  to  10000  meters 
helght. 

(d)  Many  small  Glttersuraen  problems  were  asalgned  from  time  to 
time  such  aa  the  evaluation  of  I 
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(e)  Several  problems  had  been  assignod  oonneetsd  with  tho 
oalculatlon  of  the  reflection  coeffioisnts  of  multllayer  materlala 
uaing  different  dieleotric  oonstants.  In  partioular  they  had 
rocantly  been  aaked  to  oalculato  the  reflection  fron  a  three-layer 
material  ln  whlch  the  diolootrlc  oonatantin  oaoh  layer  variod 
llnearly  with  depth.  The  alope  of  thls  linear  Variation  was 
different  in  the  three  layers. 


These  mathematlciana  clalmed  to  have  no  knowledge  of  any  balllstle 
calculatlons  or  any  knowledge  of  the  applleatlon  of  their  worlc. 

Ko  classlfled  doeuments  were  found  although  a  thorough  searoh  of 
the  premlses  was  not  poaalble  beoaus#  of  limited  time. 


5.  Höchst  Probst  print Ing  worka.  Dr.  Hoffsnberth  ls  auppesed 
to  have  worked  at  this  looatlon  with  sight  caloulatora  and  drafts- 
men  on  Mantlenachen  functioms  for  the  R.  L.  M. ,  elevatlon  angle 
tabulatlona  for  flak,  and  evaluation  of  wind-tunnel  reaearoh,  The 
prjrfcfng  worka  la  on  Adolf  Hitler  Strasse,  and  Dr.  Hofferberth  ls 
aui-voaed  to  live  on  Erbacheratrasse  56. 

W/C  Smelt  who  reraained  at  Heidelberg  will  lnvsatlgate  thls  target . 
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7.  Kemp  ton  Firn*  A.  Ott  and  Firma  Seltamann.  Dr.  I  De 
Beauolair,  and  Dipl,  Ing«  Dryer,  wlth  five  meehanies  and  one 
seeretary  were  bullding  a  differential  analyser  and  dolng  acmie 
prellmlnary  work  for  a  problem  ln  Fourier  synthesls  of  X^Ray 
•tructure  irivestigations  for  the  RLM.  Ott  was  a  maker  of 
preelsion  mathem&tloal  Instruments  suoh  as  planlaeters  ete.  The 
project  was  to  be  moved  to  Seltamanns  near  there.  Varlous  parts 
are  probably  to  be  found  at  Ott,  at  Seltamanns  and  Seme  ln  a 
aell&r  ln  Kempton  whleh  was  used  asa  störe  room. 

1t  was  not  possible  to  lnvestlgate  this  target  from  Hel  de  Iburg, 
but  1t  was  tumed  over  to  Colonel  Olfford  of  T-force,  Caft  group 
4,  for  assessment. 

G.  Laboratory  of  Prof,  Buaoh.  Prof.  Dr.  Busohfs  laboratory 
in  the  Hochschule  was  not  dlspersed  as  were  many  of  the  othere 
beoause  lt  remalned  ln  falrly  good  ahape  after  the  bombing  of 
September  1944.  This  laboratory  was  investlgatod  by  Captaln 
T,  Drysdale,  H-.A.  Sodennan,  Dr.'  H.A.  Liebhafsky,.  and  W.  Hauss. 

One  room  was  found  whleh  was  -  aupposedly  devoted  to  the*  testlüg 
of  a  telemetering  transmltter  called  the  Messina  II.  The  trans* 
mltter  was  eonstruoted  elsewhere,  sent  ln  for  testlng  and  then 
sent  out.  Sami  les  of  the  transmltter«  and  me&suring  equlpment 
suoh  as  a  oamera  and  oscllloscope  setup  and  other  mlsoellaneous 
equlpment  were  brougiht  baok.  Allegedly,  another  party  had  brougiht 
Prof.  Bisch  there  the  week  of  6  April  and  had  taken  away  all 
remalning  papers  of  lmportance.  Also  It  was  älleged  by  Dr.  Steul 
and  Dr.  Fischer,  who  were  fbund  ln  the  Hoohachule,  that  papers 
and  equlpment  had  been  taken  by  Dipl.  Ing.  Schnapper,  Dipl.  Ing. 
Lutz,  and  Dipl,  Ing.  hartmann,  asslstanta  who  fled  about  three 
days  before  the  American  troops  arrlved 

Frau  Busch, who  was  Interrogated  at  her  hörne,  elalmed  to  know  very 
little  about  her  husband*s  work.  No  Information  eould  be  obtained 
about  the  destlnatton  of  the  asslatants,  or  about  any  other  plaoes 
whera  Prof.  Buscht  work  ight  bare  ^een  earrled  on.  In  partleular, 
everyom*  seems  to  agree  that  there  1s  no  suoh  plaoe  as  "Bus oh 's 
Towerw  whiqh  was  mentioned  in  a  prellmlnary  report  by  Com  Marohant. 

Dr.  Fischer  was  asked  about  hls  work  and  stated  that  he  had  worked 
on  Infra «red  deteotlon  devlees  for  the  Navy,  at  Kiel,  Berlin,  and 
at  Odtt Ingen.  Spark  dlsoharges  of  1/2  micro  seoond  duration  and 
ten  watt-seoonds  energy  were  used,  whloh  were  f^ltered  to  remove 
all  visible  light.  Lead  sulphide  deteotors  were  us*d  and  oonven- 
tlonal  pulse  gear  employed  to  measure  ränge.  Shlps  were  deteeted 
up  to  6000  meters  and  the  mnge  might  have  been  further  lnoreased, 
but  sinoe  the  System  oould  hot  wseeM  through  fog  the  Navy  Interest 
)iad  been  dropped. 

Dr...  Steul  sald  that  he  was  asoistant  to  Dr.  Rau  and  had  been  work* 
Ing  on  X-Ray  pressure-denslty  measurements  and  other  Problems. 

D*  Hjrfi-Voltage  Laboratory  and  Disperse!  of  Dr.  Hit er. 

Laboratory  ln  Hcohsohule.  Invest Igators  Drysdale,  Soderman, 
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LIebhafaky,  and  i&us*  went  through  this  laboratory  with  Dr. 

Steul  and  Dr*  Fischer,  ment i one d  in  the  preoeding  seotlon. 

Standard  Leeture  and  experimental  apparatus  for  high-voltage 
work  consiituted  ^ost  of  the  equipmcnt.  High-voltage  trane- 
formers,  sphere  gaps  for  calibration,  large  cylimdrical  cap- 
ftoit&torcü  st ringe  of  HV  insulators,  and  a  large  Impulse 
generatcr  bullt  by  A*  E.  G.  wer®  in  evldefioe.  There  was  nothing 
to  indlcate  work  of  any  unusual  natura« 

Prof,  Hdter's  small  pressure  guages  wäre  discussed  with  Drs. 

Staul  and  Fischer,  a  sketoh  was  drawn,  a  copy  of  which  is 
attäched.  These  Instruments  were  ord9red  for  the  Peenemünde 
wind  tunnel  in  1C40  and  the  design  was-  finlshed  in  1942.  It 
was  also  mentloned  that  the  X-ray  density  moasuring  system  had 
been  aent  to  Peenemünde  late  in  1942  or  early  in  1943. 

2.  Steinbach  bei  Lohr  am  Main  (not  oertain  whether  Stelh- 
baoh  is  the  name  of  a  village  or  only  the  name  of  the  man 's 
houee  where  the  work  is  being  done).  Dipl.  Ing.  Steinbach  and 
Dipl.  Ing.  Enddgen  have  been  making  samples  of  pressure  measurlng 
dewioes.  This  dispersal  was  not  oovered  for  lack  of  time,  but 
mlght  be  investlgated  if  a  aopping  up  Operation  is  desired. 


B.  Laboratory  and  Dlspersals  of  Dr.  Wagner. 

1«  Physloal  Chemistry  Laboratory  in  Hochschule. 

This  laboratory  was  also  visited  by  Captain  Drysdale,  Soderman, 
Liebhafsky,  and  Hause.  It  cor.tained  large  quantltles  of  ohemioal 
and  electrical  apparatus  of  unusual  design.  Several  eleetrolytio 
©eil»  were  found  which  probably  are  of  the  type  which  were  designed 
for  the  öuchhold  integrating  acdelerometer.  There  were  a  number  of 
these,  individually  wrapped  and  of  uniform  construction,  indioating 
that  they  had  been  produced  in  quentity.  All  the  cells  were  un- 
fllled  and  consisted  of  a  glase  tube  somewhat  less  than  one  ineh 
in  dlameter  havlng  two  ’W-shaped  electrodes  of  silver  wire  sealed 
Into  one  end  and  an  exhaust  tube  at  the  other.  The  whole  cell  when 
sealed  and  paokaged  would  probably  be  four  to  six  inohes  in  length. 
Sense  silver  wire,  posslbly  of  the  type  used  for  the  eleetrodes  was 
also  t aken  fr o*  the  laboratory« 

A  number  of  small  tubes  of  alloys  such  as  W  AIa  and  U  Al 4  were 
found«  It  is  belleved  that  these  were  lntended  f6r  academle 
«xeroleee  but  it  lr  possible  that  these  may  lndioate  a  speoial 
Interest  ln  urnnium  or  ln  alloys  of  this  sort«  Samples  were  taken« 

(Io  doeuaente  of  an/  Interest  were  found  in  any  of  the  Hoohsohule 
Laboratories}  they  had  been  oleared,  apparently,  of  such  material). 

2«  Firma  Kl  Ingor  and  Schmidt,  Ilmenau«  Thurlnglal. 

This  Company  wnioh  normal ly  makes  thermostats  and  slrallsr  devloes 
has  also  been  wating  Wagner »s  cell«.  It  is  bslleved  that  both 
this  Company  and  the  one  on  tue  preceding  pere.grn ph  rrado  only  the 
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empty  cell  and  that  Wagner  hlmsalf  employed  teohnloi&ns  to 
flli*  aeal  and  test  the  calls, 

These  twö  Companies  oould  not  be  investigated  beoause  they 
were  not  in  the  Slxth  Army  Group  Area,  but  were  turned  over 
for  Investigation  to  the  appropriate  Caft  Organization  by 
Colonel  Gifford. 


F*  Laboratory  and  Store-room  of  Pr,  Hau, 

Dr#  SteuX,  mentioned  above,  was  interrogated  at  bis  family 
home  in  Oppenheim  and  offered  to  show  us  through  a  oellar 
in  the  Hochschule  which  had  not  as  yet  been  investigated. 

F/Lt.  Stokes  and  Dr.  Porter  went  through  this  bas  erbeut  area 
oarefully  and  talked  further  with  Dr.  Steul. 

The  l&boratory  oontained  high-voltage  transformers  and  a 
special  high-voltage  generator  and  other  apparatus  normal  to 
work  on  gaseous  dis Charge a  and  X-rays.  In  other  room3  were 
feund  large  quantltles  of  lecture  demonstration  equipment  and 
Standard  physics  laboratory  gear.  One  room  however  contained 
a  large  quantity  of  vacuuxn  tubes  and  radio  cornponents,  and 
several  very  high  voltage  reotifier  tubes.  This  equipment, 
according  to  Steul,  belonged  to  the  Theoretisches  thysisebes 
Institut  which  was  not  actually  a  part  of  the  Hochschule  but 
used  some  of  their  facilitles.  This  Institut  was  connected 
with  the  NVK  (Nachrichtensmittel  Versuchs  Kommando),  headquartet  • 
of  which  moved  from  Kiel  to  Berlin  and  finally  In  March  to  the 
Harz  Mountain  dlstrlot.  The  branch  a*  T.D.H.  got  most  of  their 
equipment  away  after  the  bombing,  lea\  ng  only  this  one  small 
room«  Also  In  the  basement  In  a  different  room,  packed  for  ship¬ 
ping  were  some  boxes  of  laboratory  gear,  Including  a  Navy  Chassis 
which  was  said  to  be  part  of  a  radar  set.  AMG  was  notified  of 
the  exlstence  of  all  of  this  equipment  and  will  tui>n  it  over  to 
the  looal  Signal  Corps  JSIö. 

Jdr.  Rau's  papers  were  thoroughly  so  rohed  and  found  to  contain 
only  two  things  of  importanoe.  First  a  thesis  by  Dr.  oteul  on 
the  Stark  effeot  Iri  calcium  radiation,  and  second  a  paper  by 
Dr.  Rudolf  Gebauer  on  experimental  investigations  of  the  Operation 
of  a  high  frequency  tube  known  as  the  Hell1  sehe  Kammer«  This 
latter  gives  Sketches  and  performanoe  curves  showing  better  than 
55J6  effioiency  at  20  watts  output  on  18  cm  wavelength.  Magnetic 
flelds  are  used  to  focua  the*electron  stream  and  thereby  Improve 
the  effieiency«  Dr«  Gebauer  has  gone  to  Conntance  with  all  his 
equipment  and  may  have  gone  on  to  some  other  dlspersal  near  there, 
the  exaet  looation  of  which  i3  not  known. 

Steul  States  that  his  work  was  primarily  a  problem  in  physios, 
but  that  he  had  hoped  It  mlght  have  some  application  in  astro- 
physles  aince  calcium  is  ao  prominent  in  the  composition  of  st*rs, . 
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A  aanqpie  whioh  was  conatruoted  to  test  the  cafchode  and 
anoda  ofGebauer's  experimental  tubes  was  found  and  taken 
away,  but  no  apaoiments  having  a  oavity  could  be  looated. 

to°nstaiirr*f ftt  ??u'3  for  Peenemunde, 

f**  sa^d  tnAt  5®  (steul)  ^«Iped  wlth  that  work  and 

de « oriot 1  on  ^ef®munde  -«jeral  tlmes  ln  that  Connection.  Hl. 
r!«  4  apparatus  cheeked  wlth  that  glven  by  Df. 

Dr  stJrt^ri6^?*  K°r®  ^rTl^Ttant>  however,  was  the  faot  that 

tuinS  biSS  bee?vt2  the  new  looatlon  of  the  HAP  wind 

he  de®orlb?d  as  a  small  valley  on  the  out.kirt« 
?£  A  namad  Kochel  ln  the  dlrection  of  Bad  Töla.  Thl. 

th®  Kfohel  See  about  100  Km  south  of 
Munl^.  Thls  Information  was  glven  Iramedlately  to  T-foro©  and 
llated  as  a  target  to  be  guarded  pendlng  Investigation.  The 
tunnel  was  sald  to  ba  «tili  under  the  direction  of  Dr.  Hermann. 

Aerodynamische  Institut  Dlsperaalf  Jup;enh«iw>. 


At  the  residenoe-cafe  of  Herr  Schramm,  Felsbergstrasse  5,  Oolonel 
0 »Kara,  F/Lfc.  Stokes,  and  Dr.  R.W.  Porter  found  a  rather  ©xpen* 
slve  störe  of  Instruments  and  equlpment  belonglng  to  the  Darm* 
stadt  T.H.  Thls  equlpment  had  been  used  by  Dr.  Soheubel,  haad 
of  the  Aerodynamisches  Institut,  at  the  Greisheim  wind  tunnel 
and  laboratory.  Dr.  Koehler  was  found  thera  prep&ring  to  remove 
some  of  the  equlpment  to  his  home.  Thl.  equlpment  was  reported 
to  the  AMG  and  also  as  a  stook  of  Instrument,  found  ln  Koehler. 
home  ln  Seehelm. 


Dr.  Koehler  accotnpanled  our  lnve.tlgator«  to  Griesheim  where 
both  the  Darmstadt,  T.H.,  tunnel  and  the  D.F.L.  tunnel  wera 
inspected.  Asked  about  experiment.  on  the  effect  of  Intense 
electrostatlc  flelds  on  the  flow  of  air  around  a  feil,  he  replied 
that  such  ejq>erlments  had  been  oarried  on  in  the  DFL  tunnel  but 
that  he  knew  nothing  about-  the  results.  He  added  that  Dr.  Stein* 
hof  of  Peenemünde  had  ccme  to  the  DFL  ln  oonnection  with  thl« 
work  bringing  assistants  with  hlm.  Dr.  Soheubel,  he.  thought, 
would  know  what  had  been  done. 

It  was  later  leamed  that  a  report  on  thl.  work  ha«  been  pioked 
up  by  CAFT  from  a  man  by  the  n&rae  of  Dr.  Ruchtl  in  Darmstadt. 

W/C  Staelt  expects  to  interview  Ruchtl  about  Steinhof '•  Interest 
if  time  permits. 

Dr.  Koehler  also  accompanied  the  invm.tlgator«  to  the  home  of 
Dr.  Ing.  Getto,  Eber  stadt.  Elf  engrund  26.  Getto  ha«  done  «cm© 
work  on  the  dl  st  ortion  of  the  tail  surfaoes  of  the  D0217  at 
speeds  up  to  0,8  lfaoh,  taking  into  aocount  oompresslblllty.  A 
eopy  of  the  late  edltlon  of  Prandtl*.  book  belonglng  to  the 
Technische  Hochschule  wa«  removed  from  hl«  llbrary. 


H. 
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Thia  Instrument  faotory  firat  vlsited  by  F/Lt.  Stokes, 

Dr..  Porter,  and  Mr.  Haust  and  then  agaln  vlsltad  by  F/Lt. 

Etaery,  Dr.  Llebhafsky  and  Mi».  Hausi  ln  order  to  plok  up 
aoma  parta  proimiaed  at  tha  time  of  tha  first  vlslt  and  to 
lnvestlgate  rumora  of  additional  rocket  work,  aald  to  ha ve 
bean  going  on  ln  tha  baaement . 

Dr«  Staul  was  alao  tha  aouroe  of  a  dLightly  different  pl oturo 
of  Dr.  Klingelhflffer work.  Aocordlng  to  Steul,  tha  "eleotrioal 
length"of  tha  rockat  dh&ngea  durlng  tha  pover  flight  baoauaa 
of  tha  praaanea  cf  a  highly  lonlsed  gaaaoua  "fall".  Klingel - 
hdffer  was  atudylng  fehle  affact  and  attampting  to  find  an 
"äquivalent"  length  for  usa  ln  radlo  antenna  oalculaticive,  and 
tha  like. 

Tha  plant  la  in  exeellent  oondltlon  with  large  stocka  of  raw 
materiale,  partly  finished  parta,  and  completed  parta.  Ifcema 
manufaetured  ln  quantlty  wäre  amall  swltches  and  clroult 
braakara  for  alToraft,  alraraft  genarators,  and  parta  for  tha 
A4  program,  Among  tha  latter  wäre  praasura  meaauMng  instru¬ 
menta  daalgnad  by  Prof.  Hdter,  tha  BMK  (Buohhold  Maaskopf) 
whloh  la  part  of  Buehhold'a  n©w  ranga  control,  aervo-motor 
aasanbllea  for  a  atablllaed  platform  to  have  been  uaad  in  a 
more  aocurate  type  of  ranga  control  developed  by  Buohhold,  and, 
at  tha  Heidelberg  plant,  wiring  hameasaa*  for  tha  A4  produetion. 
Tools  and  flxturea  for  Heidelberg  wäre  made  at  Eberbaoh,  whloh 
untll  tha  middle  of  March  employed  about  a  thousand  workara. 

Three  quarters  of  thesa  workara  wäre  women  and  ten  pereant 
foralgnara. 

Dr.  Ing.  J.  Koalier,  toehnioal  direct  both  at  Eberbach  and 
at  Haidalberg,  waa  interrogated  ln  adaition  to  Dipl.  Ing. 

Carl  •Heina  St&rm,  development  anglnaer  and  ohlaf  of  tha  labora- 
tory,>  Dipl.  Ing.  SehAfer,  and  Herren  Käfer  and  Kuhnart. 

It  waa  alleged  by  all  of  tha  abova  thafc  tha  govemmant  inapaotor. 
Harr  Lauer,  bumad  all  old  drawinga  and  took  away  all  of'  tha 
eurrent  drawinga  and  all  parta  and  assemblles  in  any  way  oonn- 
aoted  with  seerst'  work,  bafora  oocupation.  Tha  tranaportation 
uaed  oame  from  Stuttgart  so  it  ia  assumed  he  took  thaa  thare. 

Tha  dato  when  ha  complatad  tha  removal  waa  Maroh  29.  Under 
P^beeur#  however,  many  "bita  and  piaoea "  wäre  f ound  in  waste 
plXaa  and  drawera.  Pinally  Dr.  Moeller  agraed  to  aasemble  a 
oomplete  BMK  out  of  thaaa  pleoaa,  making  aueh  parta  aa  war# 
miaaing.  Thie  waa  plokad  up  on  the  aeoond  visit  and  appaara 
to  ba  an  oxosllont  Job«  A  numbar  of  additional  parta  wera  alao 
taken,  and  a  faw  parta  drawinga,  an  aaaembly  of  tha  development 
englneer,  and  teating  inatruetiona  as  wall,  Although  Wagner  »s 
integratlng  eelli  war#  moünted  on  tha  aaaembly  by  Stota,  no 
MttpXa  dould  ba  found,  Tha  only  part  of  thia  daviea  whloh  rea- 
glned  waa  the  thermost&t  and  part  of  tha  oardboard  oaaa. 

A  eomplete  Hat  of  ocmponent  parta  of  the  BMK  and  the  nAmea 
and-addrssesa  4f  the  auppllera  wäre  obtalned  from  tha  angineara. 
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Thr  man  in  Charge  of  shipments  said  that  th©  BMK  units  wer© 
shipped  to  the  following  destinations :  Technische  Hochschule, 
Emstadt,  Firma  Albert  Bussinius  of  Dresden,  Siemens  Halske 
in  Vienna,  and  to  Nordhausen.  The  reoords  indicated  that  Stotz 
had  made  about  1000  BMK's  altogether,  20  in  May  1944,  none  in 
June,  70  in  July,  and  then  a  rapid  buildup  to  200  per  month 
which  continued  through  February  1945.  The  mefchod  of  part 
manufaoture  utilizing  pressing,  forming  and  punching  operotiona 
indicates  that  large  quantities  wer©  intended.  Siemens  of 
Vienna  made  about  300  altogether  according  to  Moeller,  but  went 
out  of  production  when  Stots  reached  the  above  rate. 

The  Hilter  gauge  consisted  of  a  metal  Bourdon  tube  with  a  magnetio 
armature  and  two  coils  arranged  for  telemetering.  They  were  made 
in  blocks  of  four  on  a  single  base.  The  original  order  was  for 
1000  units,  but  work  was  stopped  about  a  year  ago  after  only  about 
seven  hundred  had  been  completed.  They  were  believed  to  have  been 
used  in  remote  indicating  pressure  gauges  for  V-weapon  tanke  (pro- 
bably  VI).  All  o the  Stotz  engineers  olaimed  to  know  nothing  of 
the  smaller  gauges  designed  by  Hüter  for  the  Peenemünde  wind  tunnel, 
or  of  the  tiny  quartz  Bourdon  tube  units  used  on  some  of  the  A4 
rockets. 

A  large  number  of  the  servo-motor  assemblies  were  found  in  the 
shipping  room.  Dr.  Moeller  said  that  at  one  time  it  had  been 
intended  to  use  two  BM£*a  on  eaeh  rocket  and  In  that  oase  these 
servo-motora  would  have  been  needed.  The  plan  feil  through#  he 
said.  and  the  servo  motors  were  not  used.  (Thia  atory  oheoka  with 
Prof.  Buchholds  plan  to  uae  two  aooelerometers  mounted  on  a  stab- 
ilized  platf orm* ) . 

®*e  laboratory  at  Eberbach  Is  large  and  well  equlpped.  A  number 
of  precision  Instruments,  and  components  were  obserred  in  oabineta 
on  the  wall,  and  in  addition  there  were  a  lot  of  boxea  in  the 
oellar  which  contained  additional  laboratory  equipment.  These 
were  marked  "Lab.  19".  The  work  of  their  laboratory  was  said  to 
have  consisted  only  of  teating  the  manufaotured  produets  and  of 
the  development  of  a  hystereaia-type  taehometer  for  alraraft 
©ngines.  To  have  aeeured  the  equipment  they  had  on  hand,  however, 
they  must  have  had  influential  frienda  in  high  placea  or  a  high- 
prorlty  project. 

Ing.  Stürm  aeemed  to  be  very  proud  of  the  taohometer  development. 

He  clalmed  that  it  waa  extraordinarlly  aecurate  and  waa  eaaentlally 
independent  of  temperature.  A  aample  of  thia  Instrument  and  a  taoh 
generator  uaed  for  testlng  it  was  taken.  Stots  would  be  ready# 
apparently#  to  go  Into  production  on  thls  Instrument  if  there  were 
any  oustomera.  No  raodel  of  this  Instrument  with  raore  than  one 
pointer  (for  multl-englne  planes)  haa  been  designed. 

One  other  item  which.  Stots  Eberbach  haa  made  in  large  quantitias# 
and  which  may  be  for  the  basls  of  a  peaoe-time  bualneas#  is  a 
cable  connector  of  watertlght  design  for  use  on  alrflelds  and  for 
other  temporary  cable  install&tions. 
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X.  Stotz  Apparatebau«  Heidelberg,  Manufacturing  A4  Parte. 

Thls  plant  was  vislted,  at  a  later  dato,  by  Mr.  Haus*,  W/C 
Snelt,  and  P/Lt .  länery. 

Br*  Moeller  was  found  ln  Heidelberg  at  the  time  of  thls  vielt 
and  upon  further  interrogation  he  finally  admltted  he  knew 
■ore  about  the  A4  program  than  he  had  told  during  previous 
Interviews.  He  was  direoted  to  wrlte  the  füllest  possible 
account  of  everything  he  knew  and  to  have  it  ready  by  May  7, 
1945.  Arrangements  have  been  made  to  have  thls  paper  ploked 
up  by  the  Sixth  Army  and  transmltted  to  London. 

The  Heidelberg  f&ctcry  produced  nothing  of  particular  Interest 
slnoe  it  was  engaged  only  ln  large  scale  production  of  oompon- 
ents  and  its  laboratory  did  nothing  but  test  these  oomponents. 

Inoldental  Information  obtalned  from  Moeller  at  thls  interro¬ 
gation  includes  the  followingi 

(a)  Components  for  the  A4  rooket  were  eovered  by  the  oode 
KHE.  For  example,  KHEf  20  155-01  was  one  of  the  the 
ground  oonnectlon  plugs. 

(b)  The  following  firms  were  engaged  in  produotlon  of  A4 
eomponentst 

Sieb erg  und  K&hn  at  Ober  Kauf  fingen  bei  Kassel 
(Large  soale  eleotrlcal  parts). 

Josef  Meliert,  Bretten,  Bader 

Firma  Oaressa,  Bammenthal  be„  Heidelberg. 

Firma  Krone,  Stadgagen  bei  Hanover. 

lima  Widmann,  Zullichau,  East  of  Berlin. 

(c)  Firms  produoing  "h©  Electronic  part  of  the  Buehhold  ränge 
eontrol,  known  as  the  HetMBll  arex 

Siemens,  Werdau  im  Saohsen. 

Bussenius,  Pulsnits  bei  Dresden. 

(d)  Although  the  initial  order  for  Buehhold®  Messkopf  was 
1000,  plaoed  between  one  and  two  years  ago,  an  additional 
order  for  flve  thousand  was  plaoed  through  Siemens,  and 
great  pressure  was  applied  to  speed  produotlon  In  August, 
September  and  October,  1944.  As  a  result,  muoh  of  the  work, 
was  sub-oontraded.  All  sub-oontraot  drawings  can  be  ldqn- 
tifled  by  the  oode  BMK.  A  oomplet  list  of  the  names  and 
addresses  of  the  sub-oontraot ors  was  obtalned  and  is  Ino- 
luded  with  the  other  ^.ists  taken  from  Eberbaoh. 

R.  Jung  Fabrik.  Heidelberg.  Hepnelstraspe  46. 

This  small  plant  was  Invest igated  by  «/C  Smelt,  F/Lt.ßnery, 
and  Mr.  Haus*.  It  is  a  preoision  solentifio  Instrument 
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faotory,  undamaged,  and  In  working  condition.  Normally 
employs  120  workers.  A  few  of  th©  parts  f  or  th©  BMK  were 
made;  otherwlse  they  had  been  making  microtomes,  via  c  cnnst  er  a 
and  other  purely  scientific  Instruments* 

K*  Hilderghausen,  FEP3  Disperse! .  alao  obnneoted  wlth 
Darmstadt.  T.H.  Dr.  Fischer. 

PEP  Stands  for  Forschung,  Entwicklung,  und  Patantwesen,  an 
Organisation  controllod  primarily  for  tho  Navy.  Thia  Organ¬ 
ization  original ly  Intended  to'establish  a  läboratory  ln  tho 
T.H.  at  Dannstadt,  but  aftor  tho  bomblng  docidod  to  go  instead 
to  Hlldberghausen.  Before  tho  move  was  oompleto,  however,  tho 
Organization,  or  at  least  tho  particular  brauch  conoemod, was 
dissolvod,  and  Technisch#  Hochschule  took  over  tho  spaco  In 
Hlldberghausen.  ör.  Fischer  who  had  worked  with  FEB3  In  Berlin 
was  to  be  In  Charge. 

Fischer  was  interviewed  at*  his  home  in  Darmstadt  by  F/Lt  .  Stokes 
sad  Dr.  Porter.  He,  claimed  to  be  an  expert  on  gaseous  dis Charge 
*  ;d  infra-red  teohnik.  He  worked  origlnally  with  Dr.  Rau  on 
-ha  X-ray  density  measarements,  then  went  to  Berlin  where  he 
worked  Tor  OKU,  &  Naval  establishment,  until  Autumn,  1944.  The 
work  In  Berlin  consisted  primarily  of  anti-infra-red  equipment 
for  submarines  (deteotion  of  our  Infra  red  equipment)  but  he 
also  worked  on  a  pulsed  System  of  ranging  using  a  60  cm  searoh- 
light  with  a  spärk  diseharge.  This  system  was  auooeasful  In 
deteoting  ships  up  to  ranges  of  6000  meters  under  favorable 
conditiofts,  but  was  unsatlsfactory  In  bad  weather.  At  tho  mm 
time  a  lot  of  work  was  done  on  Infra  red  oella  general ly,  at 
Hlldberghausen  as  well  as  at  Berlin.  Lead  Sulphlde  eells  wäre 
the  basla  of  this  resoaroh,  but  tho  addltlon  of  other  material# 
and  Improved  technlques  of  oonstructlon  gave  eonsl'derably  1m- 
proved  performanoe.  Operation  in  the  reglon  of  5.6  mm  vas 
considered  satisfetetory. 

Dr.  Fischer  stated  that  all  his  apparatus  and  papers  wer#  at 
lilldberghausen  and  that  a  freight  oarload  of  Instruments  froM 
Berlin  had  beon  on  its  way  shortly  befere  oeoupatlon.  Also  he 
believed  that  Professor  K,W,  Wagner,  head  of  FBP3,  fonwr 
President  of  Heiohsforschungs  Institut,  and  Professor  Walter 
Weisel  of  Bonn  ünircrsity  had  taken  refuge  there.  He  asked  that 
if  posslble  he  be  taken  to  Hlldberghausen  so  that  he  oould  properly 
ident ify  the  apparatus  there  and  keep  it  from  belng  "unneeessarily 
destroyed. 91 

This  Infonnation  was  tumed  over  to  Dr,  Brode  of  Nav.  Tesh.  Miss. 

snd  Lt.  Mays#  who  agreed  to  talk  with  Dr,  Flsoher  and  posslbly 
to  take  him  to  Hlldberghausen  if  they  thought  his  work  of  sufflelent 
Interest« 
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L.  Dr,  Ing,  Hans  Hyman,  Forschun^s  und  rrod,  Messtechnik 

Auerbach^  near  Benshelm.  ~ 

Com,  McAuley  and  F/Lt.  Snery  investigated  this  Underground 
plant  and  found  a  oomplete  shop  for  raaking  and  testlng 
alroraft  Instrument  gyroscopes.  As  indioated  in  the  initial 
report  by  the  CAFT  assessors  the  machine ry  was  found  to  be 
rusting  beeause  of  lack  of  protective  coatings,  and  in 
addition  it  was  found  that  m  st  of  the  Instruments,  cathode- 
ray  oscilloscopes,  and  other  measuring  equipment  had  been 
removed  from  the  test  benohes.'  On  the  other  hand  the  plant 
seemed  to  be  in  no  danger  from  flooding,  as  was  suggested 
in  the  initial  report,  since  it  was  so  arranged  in  the  side 
of  a  hill  that  natural  drainage  exist ei. 

Nothing  of  technical  Intelligence  Interest  was  found,  A 
atook  of  ball  bearlngs  of  the  Instrument  type,  was  removed 
by  F/Lt,  Emery. 

N*  Dr,  Ing,  Hans  Hyman  und  Co,  Forschungs  Institut  at  Nieder 

Ramatadt, 

F/Lt.  Bickerdike  and  Dr,  Butler  visited  this  Vibration 
research  laboratory  hoplng  to  find  samples  of  vibration- 
paoked  metals  or  other  material  such  as  were  deseribed  by 
Dr,  Hyman,  during  hia  interview  at  Kitaingen, 

Dr,  Thumau,  the  man  in  Charge  of  the  laboratory  lives  at 
Nieder  Ramstadt,  but  was  not  available  at  the  time  of  the 
vlalt,  Herr  Hdttmann,  a' foreman,  on  the  premises  and 
demonstrated  some  of  the  appanatua. 

The  buildlng  was  not  badly  damaged,  and  moat  of  the  equip¬ 
ment  appeared  to  be  in  running  Order,  The  laboratory  cont- 
ained  a  number  of  vibrating  platforms  for  shaking,  and  two 
vlbrating  preasea,  The  former  were  operated  mechanlcally 
by  meana  of  eocentrioa  or  unbalanoed  flywheels,  and  the 
latter  by  alt ernating- current  electromagnets.  There  was  no 
•vldenoe  of  aupersonio  work.  Experiments  on  the  settling  and 
Separation  of  powdera  and  the  production  of  emulsions  had 
obviously  been  oarrled  out.  A  tin  of  explosive  powder,  some 
flour  and  &  small  atook  if  iron  powder  were  found  on  the 
premises.  The  latter  conaisted  of  electrolytic  powder  ohtained 
fron»  a  firm  at  Ettlingen,  near  Karlsruhe.  A  few  weeks  before 
fcha  village  feil  into  Allied  hands,  experiments  were  started 
on  the  production  of  aintered  iron  bullets  by  Vibration 
preasing,  Only  three  preasings  were  made,  however,  and  they 
all  failed.  If  the  oompaots  had  beon  sound,  they  would  have 
been  aintered  at  Ettlingen  and  the  procona  worked  out  there 
on  a  oommeroial  soale. 

Evidence  tbere  did  not  ae  to  to  war.*ant  further  Investigation 
without  the  presonce  of  Dr.  Tburnau  oi*  iJr.  H  ym  n. 
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N •  Hone  of  LI p  1  ing.  Helmut  Keil,  Buohen. 

Düring  the  Interrogation  of  this  fellow  at  Kitz Ingen 
it  was  found  thafc  Keil  had  systematically  beon  stealing 
new  experimental  vaouum  tubes  from  the  BHF  inatead  of 
delivering  them  to  l)r.  Wes  eh  at  Mesaelhauaen  aa  he  was 
supposed  to  have  done.  These  tubes  he  sald  were  hldden 
at  his  home. 

Aooordingly,  Mr.  Haust-  aecompanied  Keil  to  his  home  and 
obtained  the  tubes.  There  were  a  number  of  samples  of 
high-frequency  triodes,  magnetrons  (low-power)  for  varlous 
frequencies,  and  one  speoimen  said  to  be  a  very  new  type 
of  magnetron,  .rtiioh  is  as  yet  unident ified.  These  tubes 
and  Keil,s  atory  have  been  turne d  over  to  Major  Dobbson, 
Royal  Signals ,  leader  of  CAFT  Group  1. 

NOTE*  The  last  three  items  are  only  indirectly  connected 
with  the  actlvities  of  the  Darmstadt  Technische 
Hochschule  but  were  included  ln  this  report  for  the 
sake  of  completeness . 


R.W.  PORTER, 
7  May,  1945. 
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PROFESS®  VI3%»  -  6-9  Raj  19C5. 


^üriü.;  <*jrly  firi^g  Wate  Af  tha  a-4  rockst,  th*  radlo  gaar  froqurntly  fallsä  t* 
Ci-arata  sa  tisf actorily .  Xt  «aa  thou^ht  that  tha  feilur«  night  hava  bwaa  ca**** 
bgr  +.ha  buildi^g  np  ©f  an  alsctrostatio  charga  on  tha  rodkst.  Th»  problaa  aas 
rafarrad  to  Df*  Viavag  bacauaa  his  lnboratory  aas  1»  a  good  poslilon  io  ca trf 
out  alaotFoatatla  axpsrlnents.  Iba  sloctro*  Utic  vor;  v«a  rwlatod  to  tha  werk 
on  rasins,  acoordteg  to  Dr.  Viawag,  bacauaa  of  tha  nscoasity  fcr  vory  pur# 
insul&tlng  naterials,  and,,  bacauaa  of  a  sinllarity  ln  naasursaont  tschniqas« 

Oaa  of  Dr*  Viawag *s  aaalatanta,  Dr.  Kllngalhoffar  dld  sotso  theoretloal  werk 
on  tha  oharga  afel-fJi  a  body  night  at  ain  irhila  noripg  through  tha  ataosphsrs,  laklbg 
into  aooount  mwA  fbotora  aa  dust  partielaa,  elouds  of  aator  dropjats  or  loa 
aryatala,  lona,  and  tha  lika,  and  on  tha  way  ln  vhlch  tha  Jat  would  affaot  tha 
oharga*  Experlaanta  vara  carrlad  out  ln  tha  laboratory  ualng  snall  partlolaa  of 
r*al  *  meh  aa  palywtyrcl  at  ralativwly  low  lspact  spaada.  Tha  affact  of  tha 
flaae  w na  stadlad  ln  snall  oonbustlon  ebanbara  undar  controllad  coaSltloas.  Sem* 
taaU  wara  awwn  na^a  ln  frseaUg  ohswhara  to  study  tha  affoot  of  ica  forwtlon* 
Ibata  on  a  largar  aoala  wara  aaJa  at  Paananundo  ualng  larga  rockst  notora  wi*^ 
dlffarant  fusls,  and  aoaa  attaapta  wara  znis  to  study  tha  friction  affaota  lnvtö» 
«upwr-senio  wind  tttanol.  Tbesa  lattar  wara  unsuecasaful  bacauaa  tha  inpur ity 
of  tha  alr  wm3m  tha  raaulta  lneonaistant* 


Aa  a  rwanlta  t  thla  work,  O  Inaal  hoff ar  oonoludad  that  tha  Mritw 
potantlal  whlah  night  ba  axpaotsd  of  tha  A-4  would  ba  laas  than  10,000  wolts  a  mltt 
^iloh  would  probably  not  causa  troubla.  Dr.  Viawag 'a  opinion  1s  that  fault? 
nanufaetura  and  daalgn  of  tha  radlo  oonponanta  was  probably  tha  oauao  of  tha 
iarly  falluroa,  rathsr  than  aay  troubla  dua  to  alaetroatatio  oharga.  Iba  enly 
naana  of  protoetiag  tha  rookat  against  alaotroatatio  ehargaa  1s  tha  Installation  at 
«ha  axtraaltlaa  af  naadlaa,  alallar  to  thoso  asad  1  alrcraft. 


Io  werft  wa  dona  by  0.1  ngalhoff ar  on  othar  than  tha  alaotrostatio  phaaa  af 
tha  problaa.  Calaalationa  of  naasuronanta  of  tha  propagatlon  of  radlo  wawwe 
throag^  tha  lontssi  gaaas  ln  thd  Jot  wara  nada  by  Prof.  Ir.  Rollnann  of  Draadaa* 
Dr.  Viawag  km®  Mn  kt  dem  not  l^v  tha  raaulta  of  thsaa  axparlasnta* 

Iba  work  on  tha  alaotroatatlo  oharga  on  tha  A-4  was  axtandad  to  inoluda 
alroraft  aa  wall»  and  lad  to  tha  etggeatlon  by  Dr.  Viawag  of  an  aloetroatatle 
JK  of  prarlaity  fnao  for  flak  rookata.  Thla,  dawlos  dapandad  on  tha  asaanpUo» 
that  all  airsrafi  ooold  oarry  aona  alaotrlc  oharga  wwan  though  owary  attanrt 
was  nada  to  kaop  thla  oharga  aa  saall  as  posalblo.  tha  projaotila  was  «a  hm 
an  Inaulatad  aoaa  aonaactad  to  alaotronie  anpliflara  in  aush  a  wny  that 
vbMaww  tha  pataatlal  diffaranoa  batwaan  tha  noaa  and  tha  rast  of  tha  projaotila 
ahargad  rapidly,  tha  oharga  would  ba  axplodad.  Such  a  rapid  oharga  ln  po tan  Mal 
***  axpaatad  «a  oaa« r  aa  tha  projaotila  approaohad  any  aort  of  a  ohargafi  bedy. 

rT*  mdt  ^  **»®®'*  ®,ror  «ba  roof  at  Daras tadt,  and  ualzw  glldarwt 

•  ••»iWvity  «f  abont  20  nstars  aaanad  to  ba  posalblo.  Sxporlnsntal  flrlngs 
••  ™  amta  wara  nada  at  Raohlin  in  Fobruary  whloh  ahowad  at  lasst  n  noaaura  of 
aneoaaa*  It  nsa  hopod  to  hart  tha  äaalgn  roady  for  producUon  by  tha  nlddla  of 


.  * Lpfrt*Jtf  Öingalboffar»#  axparlnantal  progran  was  tha  naaauranont  of  Ion 

danaity  ln  tha  ntnosphm  up  to  2  kn  by  naana  of  a  anall  raoordlng  alactrcsao™ 
•  fliasr.  It  was  arrangad  ao  that  a  oondanaar  was  disohargad  br  Ion 
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oondtjc&ios  t©  a  prad«  earalnod  lower  11*1 1  and  than  autoraatioally  reehargad.  tke 
ti*a  of  diecharg#  wa*  racorded  and  gave  a  »a&aure  of  tho  Ionisation  praeent. 

Also  ©f  in:«v«et  ta  Tr.  mntaltaofTar  «a«  1ha  work  of  Dr.  Yeer~i  ax*l 
Dr.  nossa»on  who  reaturad  tha  alactric  fiald  of  tha  atRoepher*  an  ho  10  kB,  taring  * 
darioa  caliod  a  "raldas&la*  derelopad  by  Prof.  Schwarkhagen  of  linaig  and  Dr.  Luder 
of  tha  Flugfunk  Forschuagaanatalt  at  Oberpfaffenhofen.  Soaa  of  theee  inatruwenta, 
aa  well  as  soae  ef  Prof.  Vlewega  lonlaatlon  tubaa  night  ba  founä  at  Ainring  or  at 
Oberpfaffenhofen. 

Prof.  Viawag  w&#  aakad  about  tha  taat*  whieb  wer#  »uppoaedly  run  unter 
Steinhoff *a  dlraetiea  at  tha  DFL  tunnel  at  Griaahala  on  tha  elfart  of  B.SI  flalds 
upon  alr  flow.  Ha  prepoeed  not  to  know  Ruafeti  who  is  ayppoaad  to  har«  writtaa  a 
raport  on  tha  aubjaai,  but  aald  ha  heliered  Roaasuutn  at  AJLnrrg,  or  hla  chiaf 
Dr.  Hohendorf,  woaV  kncw  about  lt.  Ha  aast  cm  to  nention  that  Steinhof  waa  ea 
aathnalaatio  glide?  »11«  t,  and  had  a  nu*bor  of  Intereoto  at  Griaahala  and  at 
Alnrlqg« 

Dr.  Viawag  was  alaa  aakad  about  Bildebrand *a  work  on  t$e  Dahnl  temiaiear 
(liquid  laad  lndtawtor).  Ha  deacribad  lt  aa  followai  An  inoulatod  plata  la  noantad 
in  tbe  top  af  the  eoe teinar  and  an  lnsulatod  laad  brou^ht  out.  1ha  oapacltasea 
betwean  tha  plata  and  tha  raat  of  tha  eontainar  dapanda  on  tha  quantlty  of  liquid 
raaalnlqg.  Tha  valta  of  thia  oapadty  ia  »aaaurad  by  a  aelf-balanolng  brldga  derlaa 
furnlahad  by  Sieoea- .  Kildebrand'a  work  waa  Xn  supply  tha  oorraot  oatarial  aad 
daalgn  for  th©  Inaula  tad  plata  and  eontainar,  and  to  oorraot  a  faw  diffieultiaa  1* 
tha  hrldg©  acpllflar.  Thaaa  prohlaoa  wera  aolwed  auocaasftally,  aooording  to 
Dr.  Viawqg,  and  all  aanplaa  wera  sont  to  Poonowundo. 

'Aa  artifialal  rabber  oatarial  obtalned  fron  Dr.  Hlldebraol'a  laboratory,  aald 
to  hart  booo  vmm  ln  preoeure  and  flow  incUoators  for  aoid  aal  aloohol,  waa  probat]? 
Opanol,  trado  nana  for  lao-butanel. 
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Interreg&tlon  of  Prof*  Buchhold  and  Prof.  Walther.  0  kay  1945,  London. 

Profi*  Buohheld  and  Walther  wäre  interrogated  together  about  th«  method  of 
rangt  «ontrol  uiing  a  stabillzed  pletform  and  two  aooelerometers  •  Prof* 
Xalther  agreed  to  wrlte  a  ehort  dlsous&lon  on  tha  jaethOMtloal  basli  for 
thia  neben«. 

Prof  •  Buahhold  eald  the  aystem  was  not  uasd  baoause  it  was  complloetod 
aad  bulky,  aa  wall  es  heavy  e  and  that  ai  an  alternative,  &  method  for  oon- 
trolling  the  'thrast  wes  belng  consiuered*  IM«  would  have  used  an  fprfal 
aooeleroaeter  vhlch  would  operate  a  polar! zed  reley  whenever  the  thrust 
beoane  great er  or  l^ss  than  the  desired  valuo*  This  relay,  ln  tum,  would 
oparat«  a  «oter-drivon  vnlve  ln  the  BL,©  ^  llne  te  the  coabustlon  ohaaber  for 
the  tuxblne*  Xt  waa  axpeotad  that  a  "Rfekfthruag”  dovioe  of  aoa»  «ort  would 
ba  neoaasery  to  prevent  hunting  becauae  of  the  lang  time  oonatant«  lnvolved 
ln  the  eentral  loop* 

A  aooosd  question  asked  Prof*  Euahhold  wae  the  "stiffnes»"  of  the  feed- 
beok  loop  ln  his  Integration  aooolerojnoter.  He  was  not  at  all  eortaln  of  thls 
but  the  foilowlag  dato  eeens  about  right i  An  aecelerotlon  of  1  g  produoea  a 
jaotlen  of  ahout  §  dagrea  nhleh  oauaee  a  ourrent  of  £•&  m  to  flow  into  the 
tolle*  Th#  torque  produoed  by  thls  aoeeleraticn  (whioh  is  exaotly  balenoed 
hy  the  eleetrieel  torque)  lo  about  £.5  g  om* 

Prof*  fiuahhold  edded  that  if  the  aystem  wäre  muag  atiffor  than  thle  lt 
would  oeolilate*  t&  produttlon  lt  waa  hurd  to  keep  the  amplifleation  oonstent, 
ee  an  antl*hunt  olroult  was  uaed,  wliich  ooneisted  of  a  oopeoitor  and  reaiatanoe 
in  strlae,  oonneoted  aoras  the  da  terminale  of  the  eopper»oxlde  reotlfler*  By 
«heoslag  the  right  valuee,  huntlag  oould  be  sffeotively  ellnlnated  for  any 
anpUflsatiom*  posalhle  wltn  one  tube* 

H*  X*  POiOSR. 
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CONTROL  CF  THE  'WASSERFALL» 
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C.  H.  Smith,  U.  S.  Navy 

Lt.  (Jg)  Wilkinson,  U,  S.  Navy 

R.  W.  Porter,  U.  S.  A.  Ordnance 


I  Introduction: 

'•Wasserfall1’  is  the  code  name  for  the  C  2,  a  relativcly  large  supcrsonic 
anti-aircraft  missilo  devoloped  by  the  Elcctromcchanischo  Werke,  formerly  known  ae 
H  A  P  11,  ander  the  technical  direction  of  Dr»  von  Braun  and  under  tho  military 
diroction  of  Obs.  Lt.  Dr.  Haider.  The  electrical  control  equipment  was  developed 
by  a  group  known  as  E  W  224  headed  by  Dr„  Theodore  Netzer  of  Dr.  Steinhoff Ts  sec- 
tion.  Members  of  this  group  who  wero  interrogated  at  Garmisch-Partenkirchen  wero 
Dr.  Netzer,  Dr.  Elfers,  Dr.  Goissler,  Dr.  Haft,  Dr.  Weiss,  Dr.  David,  Dipl.  Ing. 
Waltor,  Dipl.  Ing.  Klein  and  Ing.  Nicklas. 

Four.  different  models  of  the  Wasserfall  have  been  identif ied.  The  first 
W  1,  had  aluminum  tanks  for  the  propellants;  only  one  or  two  of  these  wero  ever 
assembled.  The  second  model,  W  2,  had  a  shorter  wing  and  tail  surface  span  and 
used  steel  tanks  for  the  propollants.  Hydraulic  rudder  Servomotors  made  by  L  G  W 
wero  incorporated.  About  five  of  these  rocket e  were  constructed,  of  which  only  tvv 
or  three  wero  fired.  In  the  third  model,  the  W  3,  the  aerodynamic  ehapo  was  re- 
tained,  but  the  interior  fittings  were  changed  slightly  and  a  Standard  K  12  electrc 
hydraulic  Servomotor  was  adopted.  About  forty  of  these  were  mode.  It  is  reported 
that  thirty-five  wero  fired  using  the  K  12  and  fiv'  wero  modified  to  use  an  all- 
electric  Servomotor.  Of  those  lattcr  only  tho  one  was  successfull,  The  latest 
design,  the  W  4#  was  to  use  a  simplifiod  hydraulic  Servomotor  designod  and  built 
by  L  G  W,  and  again  had  slightly  different  interior  arrangements.  It  is  believod 
that  no  samples  to  this  design  were  completod.  Tho  following  data  therofore  refer« 
primär ily  to  the  W  3. 

No  firings  were  ever  made  against  a  targot  nor  were  any  of  the  computing 
or  target-seeking  devices  which  will  bo  doscribed  in  this  report  ever  tosted  in 
actual  firing  trials,  The  test  engineers  wore  generally  ploased  if  the  rocket 
could  be  made  to  fly  stably  and  to  respond  proporly  to  sinplo  oontrol  Signals  sent 
froro  the  ground.  It  is  also  interesting  to  note  that  some  of  the  early  tosts  of 
control  equipment  for  the  Wasserfall  wore  made  using  A  4  rockots.  Dr,  Steinhoff 
sald  that  the  now  famous  “Swodish  Incident1’  was  the  rosult  of  suoh  an  exporimont. 

IX  QgnoraX  Chavagtorletlcs  of  tho  Missile» 

Tho  0  2  is  intonded  to  carry  a  300  Kg  warhoodj  its  freight  at  launohing 
is  3540  Kg  and  its  woight  at  targot  is  1610  Kg,  giving  a  ratio  of  initial  to  bD.Z 
burnod  vroight  of  approximately  2.2.  Launching  is  vortioal  with  a  thrust  of  S000 
Kg  which  jrosults  in  an  acceloration  of  about  2  1/4  g  nt  tho  Start  and  a  maximum 
acceloration  of  4*95  g  at  tho  ond  of  buming.  Tho  total  impulso  is  sald  to  bo 
360  000  Kg  soc,  which  moans  that  tho  specific  Impulse  must  bo  approximately  1S6, 
Maximum  burning  time  is  about  45  soconds,  Salboi  and  Visol  aro  used  as  propollan** 
and  aro  injocted  into  the  combusion  ohambor  by  moans  of  oompressod  air  oarriod  in 
a  large  sphorioal  bottle  Just  bohind  tho  war  hoad. 


The  total  length  of  the  missilc  is  783  cm.  and  tho  diamotor  88  cm.  Four 
swept-back  wings  having  a  span  of  189  cm  are  usod  in  addition  to  four  tail  fins 
with  rclativcly  large  control  eurfacos  or  rudders.  Fig.  1  Shows  a  rough  Sketch  of 
tho  arrangement  of  the  wings  and  control  surfaces.  These  wings  make  it  possible 
to  obtain  a  maximum  lateral  accoloration  of  the  order  of  12  g  for  supersonic  velo- 
cities  at  the  maximum  angle  of  attack  of  about  eight  degrees.  It  was  plunned  thab 
tho  Hasserfall  should  have  a  maximum  volocity  of  800  moters  per  second,  but  the 
highcst  volocity  actually  obtainod  is  only  about  600  meters  per  second. 

Tho  principal  control  of  the  missilc  during  f light  Is  obtained  by  the 
action  of  tho  acrodyüamic  control  surfaces.  The  design  of  tho  missilo  and  of  thos  -. 
control  surfaces  is  such  that  the  center  of  pressure  on  the  surfaces  varies  only 
a  few  millimctcrs  over  the  ränge  frora  subsonic  to  supersonic  vclocitics;  con- 
sequontly  it  has  been  possible  to  balance  the  control  surfaces  very  carefully  and 
obtain  a  relatively  small  valuc  of  control  torque  to  be  suppliod  by  tho  ruddcr 
Servomotors.  Until  tho  missilo  has  attaincd  sufficient  volocity  to  make  tho  acro- 
dynamic  Controls  effective,  control  is  obtained  by  means  of  roct angular  vanes  in 
the  jet.  These  vanes  are  either  jcttisonned  by  explosive  bolts  after  about  twclvo 
seconds  of  flight,  or  are  made  of  a  hard  wood,  such  as  oak,  which  will  burn  away 
gradually  at  the  propor  time. 

UI  Launehing: 

The  rocket  is  iaunched  vortically  from  a  stationory  platform  of  tubulär 
construction,  arranged  with  wheels  so  as  to  be  easily  transportable  to  and  from 
the  site.  It  is  not  necessary  to  turn  tho  launching  platform  so  that  tho  "bottom" 
of  the  rocket  faces  toward  the  tauget  $  the  control  systom  Is  symmotrical  and  the 
rocket  can  bc  sent  in  an  desired  direction  after  launching.  However,  tho  rockot 
must  bc  oriented  roughly  with  respect  to  gcographical  Coordinates  in  ordor  to 
simplify  the  problem  of  correlating  tho  two  lateral  axos  of  the  missilo  with  tho 
two  axes  of  the  control  device. 

3Y  Tra.1octorrs 

The  trajectory  norraally  consists  of  three  parts.  the  first  is  a  straight 
vcrtlcal  path  which  laste  for  six  seconds  during  which  tho  rockot  is  controlled 
only  by  means  of  its  Internal  gyro  System.  At  tho  ond  of  this  poriod  it  will  havo 
acquired  a  velodty  of  approximately  120  meters  per  second  and  a  hoight  of  about 
360  meters.  The  second  part  of  the  trajectory  is  a  transition  curvo  designed  to 
bring  the  missile  as  quiökly  as  possiblo  into  the  line  of  sight.  During  this 
perlod  lt  is  controlled  by  an  operator  on  the  ground  who  acts  in  accordance  with 
Information  from  a  computlng  de  vice  called  the  ,,£lnlink-Rechner>, ,  The  instantan- 
oous  positlons  of  the  rockot  and  of  the  target  are  measured  either  by  optical  or 
rador  means.  During  the  thlrd  part  of  the  trajectory  the  control  is  simple  line- 
of -sight  control,  that  is  tho  operator  atterapts  to  maneuvor  tho  rocket  in  such  a 
way  that  it  will  olways  Ile  on  a  Uno  between  the  target  and  the  (control  point. 

If  the  line-of-slght  path  could  be  f  ollowed  accurately  onough,  lt  would 
end  in  a  collislon  with  tho  target  or  a  noar  miss.  Since  lt  is  questlonable  whotl 
sufficient  accuracy  ccm  bo  obtainod  by  this  mothod,  howover,  soveral  homing  or  sei. 
sceking  Systems  of  control  havo  boon  proposod  which  will  be  described  later. 

Bocauao  tho  effective  ränge  of  such  dovlcos  is  limited,  the  missilc  would  be  launch- 
cd  and  controlled  as  outllnod  abovo  until  closo  onough  for  the  homing  device  to 
detect  the  target.  The  trajectory  would  thon  ontor  &  fourth  phoso  during  which 
control  from  the  ground  would  coasc  and  tho  homing  dovlco  would  gulde  the  missilo 
to  tho  target.  One  of  soveral  typee  of  proximity  fusos  which  wero  undor  develop¬ 
ment  was  to  bo  used  to  explodo  tho  war  head  whonovor  the  missilo  camo  within 
lotbal  nmgo  of  tho  target. 
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Tho  velocity  of  thc  rocket  roachcs  a  vaiuo  cqr.ai  i>o  tue  spoed  of  sound 
about  soventfeen  soconds  öfter  launching«.  Shortiy  beforo  this  point  somo  difficulty 
has  bcon  observed  with  control  instability  but  this  critical  region  Is  quickly 
passed  over  so  the  troublc  does  not  appoar  to  bo  serious.  The  thrust  ondB  about 
forty-five  soconds  oftor  tho  starb,  but  thc  velocity  remains  supcrsonic  until  * 
soventy  to  cighty  soconds  and  control  is  goncrally  dffcctivc  until  ninoty  soconds 
öfter  the  stört, 

Tho  term  ,:TreffboroichH  is  usod  by  thc  Gormans  to  doscribo  o  surfoco  in¬ 
closing  thc  volumo  in  which  an  oircraft  raust  bo  locotcd  ot  thc  instant  of  collision 
if  a  hit  is  to  bo  obtained.  Curves  of  tho  "Treff  borich'*  for  "Wasserfall"  uro 
shown  in  Fig.  2.  If  it  Is  assuraed  that  no  ovasivo  action  is  taken  by  the  targot 
and  that  thc  target  velocity  is  150  mefcers  per  sccond  in  tho  outward  diroction^ 
tho  maxiraum  height  is  obout  18  Km  and  maxiraum  slant  ränge  about  28  Km,  For  con- 
stant  ovasivo  action  of  2  g  by  thc  target,  thc  maxiraum  height  is  rcduccd  to  about 
15  Km  and  the  maximum  ränge  to  about  24  Km, 

The  inforraation-flow  diagram  shown  in  Fig,  3  is  bclioved  to  reprosent 
^  the  basic  control  System  planncd  for  thc  Wasserfall,  although  it  raust  bc  realizod 
that  no  complcte  systom  of  this  kind  has  ever  bcon  tested  and  that  consequently 
disagroement  exists  among  thc  various  individuals  working  on  tho  pro  j  oct  as  to 
what  will  work  and  what  will  not. 

Two  Standard  flak-control  radar  sets  of  thc  Mannheim  typo  aro  used  for 
determining  the  instantanoous  preBont  positions  of  thc  target  and  of  tho  rocket, 
ro3poctivoly.  Bccausc  theso  sots  cannot  bc  löcatcd  closc  togothor  without  mutual 
intorfcronco,  a  parallax  Computer  must  bo  used  to  convcrt  tho  data  from  ono  systom 
of  coordinatos  to  the  other.  Such  computing  dovices  are  well  known.  Tho  differ- 
enco  in  azimuth  angle  or  preferably  the  slant-plano  angle  betweon  tho  rocket  and 
the  target  is  presonted  on  tho  horizontal  plates  (of  a  large  cathode-ray  oscillo- 
scopo)  and  the  differenco  in  elovation  angle  is  presonted  on  tho  vortical  plates, 
cuasing  thc  spot  to  movo  in  such  a  way  as  tö  indl  te  the  angular  positlon  of  tho 
rocket  with  respoct  to  tho  line  of  sight. 

Düring  the  transition  poriod  when  tho  rockot  must  bo  guidod  from  itB 
vertical  path  into  the  lino  of  sight,  a  socond  spot  Is  shown  on  the  indicator  which 
givos  an  artificial  olovation  po  tion  for  the  rocket,  displacod  from  thc  real 
Position  in  elevation  by  an  amount  oqual  to  tho  displacomont  of  tho  theoroticol 
transition  path  from  tho  line  of  sight,  Thus  it  is  only  nocossory  for  the  operator 
to  koop  this  Bocond  spot  in  tho  contor  of  tho  tubc  in  ordor  to  guido  the  rockot 
emoothly  into  tho  requirod  trajoctory.  Tho  displacomont  of  tho  socond  spot  is 
oomputed  by  a  computing  elomont  callod  tho  "Einlink-Rechner " ,  sometimos  roferrod 
to  as  "Gummiband".  It  oonsists  basically  of  two  intogrators  arranged  in  sorios  so 
that  tho  input  is  oqual  to  tho  socond  dorivativo  of  tho  output,  By  moons  of  this 
dovioc  tho  differenco  anglo  is  brought  to  zoro  as  quickly  as  posBiblo  without 
oxeooding  a  moxiraura  arbitrary  valuo  of  angular  accoloration, 

Sinco  tho  rockot  is  not  firod  from  a  rotatablo  platform,  tho  rolation 
botwoon  the  control  surfacos  and  tho  vortical  will  depond  on  tho  azimuth  anglo,  or 
in  othor  words,  tho  boaring  of  tho  target  with  rospoct  to  tho  launching  point. 
Furthormoro,  doponding  on  tho  naturo  of  tho  trajoctory,  tho  rolation  of  tho  oontrol 
surfacos  to  tho  vortical  may  chango  during  flight,  ovon  though  tho  missilo  1b 
pcrtoctly  stabilizod  in  roll  by  moans  of  tho  gyrosoopio  oontrol.  A  third  oomputing 
olomont  callod  tho  "Tau-Rochnor"  koops  traok  of  this  angular  rolationship  botwoon 
tho  control  axos  and  tho  vortical.  Tho  motion  of  tho  control  stiok  is  rosolvod  in 
suoh  a  way  as  to  send  thc  propor  Signal  to  oaoh  pair  of  oontrol  surfacos  so  that 
whonovor  tho  oporator  moves  tho  s  tick  forw-^rd  or  backward  tho  rockot  will  turn  in 
a  vortical  plono  and  whonovor  ho  movos  it  sidoward  tho  rookot  will  turn  in  tho 



slant  plano.  Thls  rosolution  oan  bo  acoomplishod  ln  eovoral  ways,  tho  simplost 
boing  a  rotation  of  tho  baso  of  tho  control-stick  assombly  wlth  rospoct  to  tho 
opcrator.  It  is  nocossory,  of  ooureo,  that  tho  rookot  bo  sot  up  ln  a  known 
Position,  tho  Samo  oaoh  timo,  and  that  tho  oporator  bo  corpootly  posltlonod  with 
pospoot  to  tho  reforonco  of  tho  control  stick  assombly. 

Disadvantagos  of  thls  oontpol  systom  aro  obvious.  For  oxomplo,  tho  scalo 
of  tho  C  H  T  display  is  constantly  changing  unloss  somc  corroctlon  is  mado  to 
allow  for  chango  in  rango.  Furthormoro  tho  conditions  of  control  aro  also 
varying  continuously  bocauso  of  tho  changing  spood  of  tho  rocket,  changing 
atraosphoric  conditions,  tho  fact  that  tho  control  vanos  in  tho  Jet  aro  oithor 
burnod  off  or  jottisonod  during  tho  oarly  part  of  tho  f light  and  tho  fact  that  con¬ 
trol  raust  bo  maintainod  aftor  tho  thrust  coasos.  iy.pl,  Ing.  Walter. .had  boon 
givon  tho  problora  of  dosigning  a  dovico  to  go  botwoon  tho  control  .'stick  and  tho 
ground  transmittcr  which  would  vary  tho  control  sonsitivity  as  an  arbitrary  func- 
tion  of  time,  Howovor  tho  dosign  had  not  boon  oomplotod,  and  tho  oonditions  for 
which  it  was  to  havo  boon  'Qesignod  had  not  boon  dofinitoly  statod.  Anothor  undc- 
cidod  question  was  whother  or  not  to  includo  a  torm  in  tho  control  fuction  which 
would  bo  proportional  to  rato  of  motion  of  tho  control  stick.  Such  an  orrango« 
raent  would  bo  similar  to  tho  aidod-laying  Systems  commonly  usod  in  manually 
operatod  fire-control  devicos  and  tho  llkc.  Although  opinion  gonorally  soomod  to 
bc  against  its  usc,  tho  rato  term  was  boing  tost  cd  on  modcl  systoms  at  tho  timo 
work  was  intorrupted. 

VI  Radio  Controls 

It  was  proposod  to  use  Standard  Wurzborg  or  Mannheim  f  lok-control  radar 
sets  for  obtaining  tho  instantanoous  present-position  data  on  tho.  targot  and 
rocket.  These  Systems  ore  well  known,  having  boon  covored  by  sovcral  previous 
reports;  no  furthor  doscription  will  bo  includod  hcro.  It  Is  intcrcsting  to  notc, 
howevor,  that  Dr.  Netzer  bolieved  that  tho  accuracy  attainablo  with  the  “Mannheim0 
whon  not  jammed  with  "window"  or  other  count er  measurcs  was  about  1/10  degreo. 
Efforts  worc  continually  boing  made  to  improve  tho  Operation  of  thoso  radar  sets 
against  Jamming.  Microwave  radar  development  had  not  yet  roachod  a  stago  of 
development  in  Garraany  such  that  it  could  bo  considorod  as  an  immediate  possibility. 

Tho  signalling  System  usod  fo^  the  firing  tests,  was  a  modified  Version 
of  tho  "Kachl-Strasbourg“  or  ••Kaohlgorat"  which  is  also  usod  in  the  HS  293,  FX  14.00, 
••Enzian",  and  others.  Two  pairs  of  audio-froquoncy  tonos  aro  employod,  corros* 
ponding  to  the  two  pairs  of  ruddors.  One  pair  is  8000  and  12000  cups,  and  tho 
other  is  1000  and  1500  epp.  Each  pair  of  toncs  is  keyed  at  a  rato  between  20 
and  25  cyclos  per  socond  in  the  mannor  of  “mark-space"  keying.  A  fifty  por  cont 
koying  ratio  corresponds  to  no  control  Signal;  ono-hundred  per  Cent  of  one  tone 
gives  riso  to  a  maximura  rate  of  turn  in  one  direct ion  and  onc-hundred  per  cent  of 
the  other  tone  ropresonts  maximum  rate  of  turn  in  tho  other  direction.  Inter¬ 
mediate  ratios  provido  variable  ratos  of  turn.  The  keying  is  produced  by  a  motor- 
drivon  com,  tho  position  of  which  can  be  varied  by  means  of  tho  control  stick. 

Tho  raodulatipg  oscillators  and  tho  transmittcr  are  tho  some  ns  thoso 
usod  for  the  Kaohlgorat.  Any  one  of  18  froquoncy  channels  may  bo  solectcd,  all 
of  which  aro  in  tho  50  me  rogion.  A  simple  dipojo  aorial  is  usod.  Tho  roccivor 
also  is  idonticol  with  that  usod  in  the  "Kaohlgorat" .  It  consists  of  four  parts: 
an  rf  amplifior  and  mixor,  a  local  oscillator  with  afc,  an  if  amplifier  and  diodo 
dotoctor  with  ave,  and  an  audio-froquoncy  discrirainator,  or  docodor.  In  tho 
decodor  tho  four  modulation  frequoncics  aro  separatod  by  filtors,  roctifiod,  and 
amplifiod  usod  todoporato  two  polarizod  slnglo-polo  doublo-throw  rolays.  Thoso 
two  rolays  will  thoroforo  bo  altornatoly  onorgisod  and  doonorgised  at  a  froquoncy 
of  about  twonty  cyclos  por  socond  and  with  a  koying  ratio:  which  is  tho  samo  as 
that  of  tho  tronsraittod  Signals,  A  fixod  d-c  potential  is  koyod  by  thoso  rolays 
and  thon  filtorod  so  that  smooth  d-c  Signals  aro  produood  having  diroction  and 
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amplitudo  corrcsponding  to  tho  "mark- space"  rat io  of  tho  transmittcd  Signals  and 
theroforo,  also  to  tho  motion  of  tho  control  stick.  Tho  rocciving  acrial  on  tho 
rookot  consists  of  motal  strips  mountod  on  inoulatcd  portiono  of  tho  trailing 
odgos  of  tho  rudder s„  Thoir  appoaranco  and  functioning  is  similar  to  that  of  tho 
trailing  odgo  aorials  on  tho  A  4. 

A  new  radio  syston  for  control  of  missilos  such  as  tho  "Wasserfall"  ugg 
boing  dovolopod  by  Telofunkon,  most  of  tho  work  boing  dono  r.t  Hohonpeisenberg, 

This  now  systom,  known  as  tho  "Brigg-Koggo  Verfahren",  or  sometimes  as  "Kran-Brigg'- 
usos  the  samc  control  schcmo  as  tho  "KachJ  gerat" ,  bat  operates  on  n  frcqucncy  of 
1300  to  1500  mogacyclos  (20  to  23  cm).  Ab  this  higher  frcqucncy,  diroctional 
tran3mitting  and  rocoiving  aorials  can  bc  usod-  thus  roducing  tho  possibility  of 
Jamming,  For  cxamplo,  tho  tranamitting  acrj.al  consists  of  a  d5.polo  with  a  para- 
bolic  rofloctor  which  is  intended  to  bo  mountod  on  the  radar  sot  which  is  used 
to  track  tho  rocket,  This  arrangomont  allows  a  very  narrow  bcam  to  bo  usod  and 
consoquontly  permits  tho  uso  of  a  low  sonsitivity  roccivcr.  A  diroctional  rcceiv- 
ing  aorial  is  also  contomplatod,  bu  the  design  has  not  yct  bcen  worked  out. 

Tho  most  important  considerations  in  tho  design  of  the  "Brigg-Kogge" 
wero  low  co st  and  roduction  in  the  number  of  critical  componcnts  such  as  vaeuun 
tubos.  There  were  at  least  two  modcls  of  the  transraittcr  ("Kran")  ono  of  which  was 
crystal-controllcd  and  used  thrcc  tubos,  and  the  other  of  which  was  a  cavity 
oscillator  with  only  onc  tubc,  tho  frcqucncy  being  hcld  constant  by  ingenious 
mochanical  design,.  A  super- regenerative  roccivcr  was  to  bc  used  on  tho  rocket. 
Furthor  dctails  on  this  systom  will  bc  found  in  reports  on  the  interrogation  of 
Dr.  Leo  Brandt  and  Dr0  Paul  Kotowski,  Tclcfunkon  onginoers,  at  Munich. 

For  testing  purposcs  a  tclonctering  systom  knovm  as  "Messina  I"  was 
used  to  transmit  continuously  such  Information  a3  pressuros,  tonpcraturcs,  rudder 
positions,  gyroscopo  -positions,  and  the  likc.  »Messina  I»  is  dcscribed  in  detail 
an  a  report  by  17.  Hausz  dated  May  23  on  the  intorrogation  of  Dr.  Grottrup. 

VII  On-Board  Control  Apparatus 

Stabilization  was  accomplishcd  by  the  uso  of  thrco  gyroscopcs  arranged  in 
gimbal  suspensions  as  s  heran  in  Fig.  4.  Standard  aircraft  auto-pilot  gyroscopcs 
manufacturcd  by  L.  G.  U.  in  Berlin  were  usod  in  all  thrco  positions.  These  woro 
mountod  in  tho  teil  soction  just  ^ehind  the  forward  bulkhcad.  Potcntiomctcr-typc 
pickoff  doviccs  were  used,  tho  stators  of  which  worc  arranged  so  that  they  could 
bc  turnod  by  tiny  motors.  These  motors  were  spccially  dosigned  for  tho  puiposc 
by  L.  G.  17. 5  the  spoed  of  rotation  is  accuratcly  proportional  to  the  applied 
voltago  and  the  powor  required  is  very  small. 

Fig.  5  shows  how  the  gyroscopo  is  used  to  control  tho  missilc.  0peratior 
is  briofly  as  follows:  The  gyroscopcs  arc  cagod  until  the  instant  of  launching 
whorcupon  they  arc  rolcascd  and  remain  free  for  the  rcst  of  the  flight.  Düring 
the  initial  vertical  portion  of  tho  trajcctory  there  is  no  external  control;  if 
tho  axis  of  tho  missilc  bccomos  inclinod,  onc  or  both  of  tho  pickoff  brushes  will 
bc  displaccd  and  a  potential  diffcrcnco  will  bo  applied  to  the  input  of  tho  con¬ 
trol  amplificr  or  "Mischgor&t",  which  in  turn  causos  an  unbalonccd  current  to 
flow  in  the  control  coils  of  tho  rudder  sorvo.  Tho  rosulting  motion  of  the  rudder. 
producos  a  torque. on  tho  missilc  in  such  a  diroction  as  to  rcduco  tho  inclinntion. 

At  tho  ond  of  tho  initial  six-sccond  poriod,  radio  control  is  ostablishe" 
If  tho  oporator  thon  movos  his  control  stick  forward,  tho  koying  ratio  of  tho 
transmittod  Signals  is  changcd  as  doscribod  above,  so  that  a  proportional  d«c 
potential  is  producod  at  tho  output  of  tho  »doooder«.  This  voltago  is  usod  to 
run  the  raotor  which  turns  tho  stator  of  tho  gyro  pick-off,  As  tho  stator  turns, 
tho  ruddor  sorvo  aro  brought  into  Operation  until  tho  missilo  has  turnod  through 
tho  samo  anglo  as  tho  stator,  tho  gyro  axis  mcanwhilo  roraaining  fixod  in  space. 
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Tlr-is  to  a  first  approxiration,  motion  of  tho  control  s  tick  produces  a  proportional 
rate  of  turn  of  tho  missiio.  The  local  System  including  the  missilo  is  dynamically 
st<*i  hll  ized  by  the  usual  R-G  cqualizor  circuits  and  by  position  feed-back  from  tho 
radier  Servomotors,  The  control  of  both  pairs  of  ruddors  is  cxaet'ly  the  samc, 
naturally  enough 3  since  a  given  pair  may  be  either  vcrtical,  horizontal,  or  at  any 
angle  in  betwccn.  The  names  n vcrtical”  and  "lateral"  control  are  used  only  for 
purposos  of  discussion.  All  four  rudders  are  used  for  roll  stabilization,  operat- 
ing  different! ally  in  pairs. 

The  A-4  "Mischgerat ”  or  control  amplifior  was  adopted  bechuse  it  was- 
rcadü^f  availablc,  It  liad  to  be  modified,  of  courso,  bccausc  of  the  d if f croncc  * 
in  the  way  roll  Stabilisation  was  applied,  It  is  bclicvcd  that  the  cqualizor 
circuits  wero  also  changcd  be  cause  of  the  different  physical  charactcristics  and 
natural  poriods  of  tho  "7/a.ssorfall".  The  cxact  valucs  used  are  not  known, 

Because  of  tho  bottlcneck  in  tubcs,  experiments  were  being  madc  with 
magnctic  amplificrs.  A  Standard  un.it  dosigned  for  usc  with  the  automatic  pilot 
of  the  Kcl09  and  other  fighter  aircraft  was  tested  in  a  modcl  System  of  the 
rudder  control.  This  uni.t  rcquircs  an  input  of  1  to  2  miHiampercs  into  400  ohms 
to  prddi^o  a  saturated  output  of  100  to  200  milliampcres,  Tho  time  constant  is 
about  100  milliscconds;  it  can  be  rcduced  to  as  low  as  8  to  10  miliisoconds,  but 
only  if  the  input  power  is  incrcascd  in  proportion.  Rcsults  of  tho  tosts  were  un- 
satisfactory  bccausc  of  the  long  time  ccnstant  of  tho  magnotic  amplii^cr  as  ccm- 
paroa  with  that  of  an  electronic  amplifior.  The  time  constant  is  particularly 
important  in  the  "Wasserfall"  bccausc  of  its  high  natural  frcquoncy  (acrodynamic) 
with  is  of  the  order  of  3  eps  for  lateral  motion  and  much  higher  for  roll,  Dr. 
Klein  was  pcrsonally  in  favor  of  tho  magnotic  amplificrs  and  thinks  he  could  have 
ovcrcomc  tho  iimc-eonstant  troublc.  Howevor,  the  scarcity  of  mu-mctal  presented 
additional  difficultics  and  the  twenty  to  forty  man-hours  of  labour  requirod  per 
amplifior  was  considcred  csxccssivo  in  view  of  the  fact  that  four  amplificrs  were 
required  for  each  rocket, 

Originally  it  was  intonded  that  the  A-4  rudder  sorvoraotors  would  be  usod, 
but  thoy  proved  to  be  too  wcak  and  too  slow  to  handle  tho  large  ruddors  of  the  C-2 
quickly  enough  to  maintain  stability.  An  aircraft  automatic  pilot  sorvoraotor 
known  as  the  K  12,  built  by  L.  G.  W.  for  the  Ju  88  and  other  nilitary  craft,  proved 
to  bo  satisfactory  exccpt  that  it  cost  too  mich,  Most  of  the  test  flights  were 
made  using  the  K-12. 

In  an  effort  to  find  somothing  less  oxpensive,  Ing.  Nicklas  was  experi- 
monting  with  an  clectric  sorvo  which  consisted  of  a  600  to  800  watt  eloctric  motor 
with  a  three-stage  roduction  g  oar,  directly  controllod  by  relays.  To  kcop  this 
systora  from  hunting,  the  relays  are  cuascd  to  "chatter”  or  pulso  at  a  froqucncy 
determinod  by  tho  time  constants  of  the  relays  thouselvos.  This  pulsing  is  pro- 
ducod  by  a  feod-back  Circuit  and  givos  a  control  which  is  similor  to  proportional 
control.  This  schere  was  tried  in  tho  air  about  five  timos,  r.t  least  ono  of  which 
was  considcred  succcssful  by  Dr.  Elfers. 

4  Another  scheine  which  vrae  indudod  in  somo  of  tho  dosigns  was  a  vory 

öimplo  hydraulic  device  consisting  of  a  doublo-acting  piston  and  oloctromagnotic- 
ally  operatoG  valvos.  Oil  pressure  waa  to  bo  obtainod  oithor  from  a  soparato 
cowprc8Gcd  air  bettle  or  from  tho  main  air  supply  which  was  usod  to  pressurizo  the 
propollont  tonks.  Only  enough  oil  was  usod  to  last  sovonty  to  ninoty  eeconds  under 
normal  oporating  conditions;  tho  oil  was  dischargod  öfter  uso  sinco  no  sump  was 
provid ed. 


It  Is  apparant  that  any  System  In  which  tho  control  is  obtainod  by  rotat- 
lng  the  gyro  pickoff  stators  will  bo  limited  in  tho  angle  through  which  it  con 
tum  wihhout  the  gyro  "froozing",  that  ls  without  tho  axio  of  tho  gyro  bocoming 
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allgnod  with  tho  axis  of  the  gimbnl.  In  a  missilo  of  this  kind  v/hlch  may  tum 
in  any  diroction,  horizontal  f light  crnnot  be  attainod  v/ithout  loss  of  control 
no  matter  how  tho  various  gyroscopos  nro  orionted.  A  System  in  v;hich  tho  missilo 
is  turnod  by  pro cos sing  tho  gyroscopos  is  not  subjeet  to  thie  difficulty  bocauso 
tho  gyro  axes  con  bo  maintainod  approximatoly  in  a  fixod  rolation  to  tho  exes 
of  tho  missilo.  This  fact  was  pointed  out  to  cortain  of  tho  E.  TC.  enginoors 
during  intorrogation  and  thoy  were  nskod  why  tho  foraor  arrangomont  was  usod. 

Tho  answor  was  that  tho  L.  G.  W.  gyros  were  roadily  availablo  whcrens  othor  gyros 
with  torquo  motore  wer©  not.  Some  work  was  being  done,  however,  on  a  complctcly 
new  control.  system  using  roetrained  or  rate  gyros  togothor  with  thc  abovc-rnont5.onod 
magnetio  amplifier  and  oloctric  servo  motor,  No  furthor  dotails  on  this  System 
aro  known, 

VIII  Model  Experiments s 

Bocauso  of  the  difficulties  and  oxpenso  involved  in  tosting  control 
apparatus  in  actual  rocket  f light s;1  it  is  of  the  greatest  importance  to  bo  ablo 
to  simulate  flight  conditions  in  the  laboratory  by  meons  of  olectrical  or  mccli- 
anical  models.  The  simplost  device  of  this  kind  was  designed  and  built  at  thc 
Dormstadt  Technische  Hochschule  by  Dr.  Haussermann  under  tho  diroction  of  Prof. 
ViowGg.  It  consisted  of  a  pendulum  with  variable  damping  and  natural  period, 
having  an  electric  torque  motor  for  oxcitation  and  means  for  measurement  of  the 
Position,  By  properly  adjusting  tho  pendulum,  ono  can  simulate  a  missilo  having 
any  combination  of  acrodynamic  moraent,  damping,  and  inert ia,  and  by  varying  thc 
input  to  tho  torquo  motor  one  can  give  thc  effect  of  rudders  of  different  sizes, 
different  velocities  and  so  on.  It  is  thereforo  possiblo  to  tost  any  proposed 
servo  system  for  dynnmic  stability,  sensitivity  and  so  on,  under  all  oxpectod 
flight  conditions  before  it  is  actually  installod  in  a  rocket. 

A  somewhat  more  complicated  raodel  is  a  completely  olectrical  System 
devolopod  by  Dr.  David  of  E.  W.  A  typical  syetom,  such  as  that  shown  in  Fig,  6b 


is  based  on  tho  following  equations; 

o(  s  .  a«  -  b  Of  ,  C  [x  -  (0  *  or )  +  d  xj  (1) 

x  =  e  k  (2) 

©  s  f  *  g  sin  (n)  (3) 

where  (5)  is  the  angle  of  the  tangent  to  the  theoretical  trajoctory. 

z  ©  (4) 

whoro  A  6  *  6  -®  (5) 

£  =  z  cos  ( (H)  -  Y'  )  (6) 


In  the  abovo  equations,  c/  ,  6  ,  (5)  ,  AB,  Y,  are  angles  illustrated  in  Fig.  6a, 
a,  b,  c,  d,  e,  f,  g,  v,  and  r  aro  physical  constants  which  vary  with  time  in  a 
known  way  for  any  givon  trajectory,  Z  is  the  linear  error  at  right  angles  to  the 
trajoctory,  and  6  is  the  angular  error  moasured  at  the  control  point,  This 
error  is  displayod  to  an  operator  who  responds  by  moving  a  control  handle  which 
.»  changes  the  control  Signal  K,  In  this  way  the  overall  System  stability,  including 
tho  reaotion  characteristics  of  the  operator  can  be  studied. 

Equation  (1)  can  be  reijritten  as  f  ollov/s : 

^  s  -  Ai  *  B  4  C  (  Jx  -  0)  dt  ♦  WL~\  (la) 
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This  is  thef  orm  actually  used  since  X  and  ö  nro  immediately  availablo  and  can  b S 
integratod  together,  Xt  will  be  seen  that  upon  Substitution  of  (3)  in  (la)  n 
fourth-order  differential  oquation  in  o<  is  obtained.  Four  intogrators  nre  ro- 
quired  for  its  solution,*  a  fifth  Integrator  is  needed  to  determine  0,  and  a  sixth 
to  determine  Z. 

The  basie  integrator  Circuit  used  in  this  machine  is  shown  in  Fig.7. 

The  value  to  be  integrated  is  fed  into  the  first  tube  as  an  a-c  Signal,  It  is 
amplifiod,  rectified  and  the  resulting  d-c  voltage  which  is  of  rather  large  mag- 
nitude  is  connected  across  a  seriös  resistor  and  capacitor.  11'  the  product  of 
R  and  C  is  very  largo,  the  resulting  voltage  across  tho  condenser  will  appr^xl- 
mate  the  value  of  the  desirod  integral»  This  voltage  is  turned  into  a  c  by  means 
of  a  modulator  Circuit,  and  is  again  amplified  and  connected  to  the  output.  Part 
of  tho  output  voltage  is  coupled  back  into  the  input  in  such  a  way  as  to  compon- 
sate  for  the  finite  time  constant  of  the  R-C  Circuit.  In  this  way  a  very  accurate 
Integration  can  bo  obtained.  Over  a  period  of  15  seconds,  Dr.  David  baLieves, 
any  rcasonable  function  can  be  integratod  with  an  error  no  great  er  than  one  percent. 

Tho  most  elaborato  model  is  one  dosigned  by  Dr.  Fischei  cf  the  Deutsche 
Forschungsanst alt  für  Scgelflug  Ernst  Udet.  This  machine  was  in  construction  in 
a  villago  called  Teisendorf  ncar  Ainring  airpori.  Dr.  Fischei rs  System  includes 
a  5000  to  1  scclo  model  of  tho  flak  missile  problem  which  requires  a  room  about 
20  by  40  feet  and  20  fect  high.  The  missile  is  carried  on  a  device  sirailar  to  a 
Gentry  crano  which  moves  along  the  length  of  tho  room.  A  horizontal  cross  wire 
is  made  to  go  rp  and  down  and  a  point  representing  tho  missile  is  moved  along 
this  wiro  in  such  a  way  that  motion  in  three  Coordinates  can  be  obtained.  A 
target  is  providod  which  can  also  be  given  any  desired  motion  in  three  Coordinates. 

The  operator who  can  see  both  the  missile  and  the  target,  reacts  by 
Qcving  a  control  stiele  of  the  same  type  that  would  be  used  in  Service.  The  con¬ 
trol  Signals  are  sent  in  the  normal  way  to  the  on-bogrd  control  apparatus  which 
i3  mounted  on  a  large  gymbal  Suspension.  The  output  "of  this  control  equipment 
is  transmitted  to  Computer  ,,A"  which,  taking  into  account  the  inert  ia  of  the 
missile  and  the  torques  which  act  on  it,  deterraines  the  turning  motion  which 
would  result*  The  gymbals  are  then  rotated  by  means  of  small  Servomotors  so  that 
the  control  apparatus  is  always  oriented  in  the  same  direction  as  if  it  were  on 
the  flying  missile.  From  calculated  direction  of  the  missile,  its  spoed  and  its 
aerodynamic  characteristics,  Computer  "B"  calculates  the  direction  of  tho  velocity 
vector,  or  in  other  words,  the  direction  of  the  tangent  to  the  tra j  ectory.  Com¬ 
puter  nC,‘  then  multiplies  the  Speed  by  the  cosine  angles  of  this  direction  vector 
and  intograt.es  the  three  resulting  coraponents  to  obtain  the  instantaneous  position 
of  the  missile. 

It  should  be  noted  that  target-seeking  ßystems  could  also  be  tested  by 
the  addltion  of  another  Computing  olement  since  both  the  direction  vector  from  tho 
missile  tö  tho  target  and  tho  direction  of  the  missile  axis  are  continuously 
availablo. 

Although  Dr.  Fischel  has  oporated  tho  raachine  "qualitativcly" ,  that  is 
ff  ithout  regard  for  the  aorodynamic  proportios  of  the  missile,  tho  "quantitativo" 
dovice  deecribed  above  is  only  partly  complcto  and  has  nevor  boen  tested, 

H  flgipfog  Povlpgffi 

Both  radio  and  infra-rod  types  of  homing  dovicos  woro  boing  considored 
for  eventual  uae  in  "Wosserf all11 ,  the  infra-red  projoots  being  moro  numerous  and 
noaror  to  completion,  A  roport  ontitlod  "Development  of  Homing  Doviocs  as  of 
15  August  1944",  obtainod  from  the  Sondorkommiosion  Eloktr,  Zubehör  zu  Munition, 
licts  many  of  the  difforont  Systems  which  woro  undor  devolopment,  Dr,  Uoies 
stntod  that  although  infra-red  targot-soeking  Systems  using  mirrors  had  boon 
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oporated  in  tho  E0  W.  laboratorios,  no  practical  flieht  nodol  had  cvor  beon  com- 
plotod,  Most  of  tho  work  was  bcing  dono  atLeitz  and  coordinatod  by  Dr,  Rosen- 
thal. 


For  infra-red  ins t alle ti.ons  „  tho  ontiro  nose  soction  was  to  bo  mado  of 
special  iron-free  flint  gla3s  of  which  severai  .samplos  had  bcon  obtained.  Duo 
sample  was  supplied  by  Prof,  IQicfoth  of  Breslau,  Tho  inf ra-tf cd  ’.propertios  wero 
Gonsidered  satsifactory;  mechanical  proportios  had  net  yet  boen  tostod,  This 
noso  section  was  to  be  8  or  20  millimeters  thick  and  would  bo  cithor  noldod, 
blown  or  centrifugally  cast.  The  maximum  temperature  which  tho  noso  would  roach 
in  f light  was  calculated  to  be  about  <i00oCo ,  which  tho  glass  could  stand  without 
difficulty. 

Tho  ränge  of  infra-rod  detection  Systems  in. general  is  one  to  twenty 
kilometer s  „  depending  on  the  angle  includcd  in  the  fiold  of  view,  Specifications 
for  '‘Wasserfall”  required  3  Km.  ränge  with  a  6°  field.  Baron  von  Pfeifer  who  had 
a  direct  order  from  the  Flak  Kommando  has  developed  a  long-range  infra-red  devico 
known  as  “Madrid”  with  a  very  small  field,  but  which  has  a  very  clever  scanning 
device  which  facilitatos  picking  up  the  targot, 

Only  two  infra-red  cells  were  available  for  this  development  5  the  Zeiss 
Ikon  cell  developed  by  Pr,  Gorlich  and  the  Elelrtro-Akustik  from  the  Company  by 
that  name  at  Naraslau,  A„  E.  G,  was  also  working  on  a  cell,  as  were  nany  othors, 

The  phosphor  cells  of  Dr,  Wesch  were  still,  according  to  Dr,  T/e iss,  "fighting 
fer  reengnit ion” , 

Three  types  of  scanning  described.  by  Dr.  T/eiss  are  illustrated  in  Fig.  8. 
The  sinrplest  shutter  is  a  äisc  with  a  round  hole  in  it.  The  radiation  from  the 
targot  is  focused  so  as  to  cover  an  area  roughly  the  size  of  the  hole.  When  the 
target  is  in  the  center,  no  modulation  results;  otherwise  the  amount  and  direction 
of  the  error  (polar  Coordinates)  is  given  by  the  percentage  and  the  phase  of  tho 
modulation  with  rospect  to  a  reforence  on  the  shutter  disc.  The  same  effect  can 
be  obtained  without  a  shutter  by  placing  the  mir  ?  or  lens  ecßontrically  with 
respect  to  the  axis  of  the  device  and  rotating  it.  In  this  case  the  phototubo 
should  have  an  aperture  about  the  same  size  as  the  target  Image,  If  the  target 
can  bo  focused  into  a  smaller  Image,  tho  shuttor  shown  in  Fig.  8b  is  proferablo. 

In  this  scheine  the  magnitude  of  tho  error  is  given  by  tho  ratio  of  light  to  dark 
time  and  the  direction  by  the  pmse  of  the  square-wave  modulation.  Tho  third 
idea,  shown  in  Fig.  8c,  has  the  characteristic  that  when  the  image  raovos  awoy  fron 
the  center  a  frequency-modulatod  square  wavo  is  produced,  the  amplitudo  of  the 
f  m  giving  the  magnitude  and  the  phase  of  the  f  m  giving  the  direction  of  tho 
error,  This  last  Boheme  is  clairaed  by  Dr,  Heiss  as  his  own  development. 

A  radio  homing  System  for  Wasserfall  was  being  developed  by  Blaupunkt 
in  Berlin,  It  was  to  be  a  passivo  System,  at  least  one  Variation  boing  dosigned 
to  home  on  our  "Meddo"  or  "Rotterdam”  airborno  radar  sots,  Dr,  Y/oiss  had  novor 
seen  this  System,  but  mentioned  that  ho  had  hoard  the  torm  "Stiel  Strahlen”  (rod 
radiators)  in  connoction  with  it,  For  the  radio  installations,  glass,  wood,  or 
artificial  resin  nose  soctions  wero  being  considered, 

The  first  and  most  difficult  problom  in  tho  uso  of  any  homing  System  is 
that  of  bringing  the  rathor  narrow  field  of  tho  homing  device  to  boar  on  the  targot 
at  the  proper  time,  The  two  Solutions  which  E,  J7.  was  oonsidering  wero  both  basod 
on  tho  fact  that  the  rocket  is  controllad  during  the  initial  part  of  its  flight 
in  such  a  way  as  to  koop  it  on  the  lino  of  sight  from  tho  control  point  to  tho 
target j  thereforo,  tho  diroction  veotor  from  rocket  to  targot  will  be  approxi- 
matoly  the  oame  as  that  from  control  point  to  targot,  The  homing  device  can  bo 
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brought  to  boar  on  tho  target  by  (a)  transmittlng  the  angular  poeition  of  tho  11 
of  elght  by  radlo  frora  tho  ground  and  measuring  lt  off  in  tho  rocket  with  reapect 
to  a  fixod  ooordinato  systora  maintainod  by  gyrosoopos,  or  (b)  using  a  recoivorr 
on  tho  rocket  to  D/F  on  tho  ground  rador  whioh  ls  tracking  the  target. 

After  the  hondng  devlce  has  picked  up  the  target,  lts  axis  1b  held 
flxod  ln  spaoe  by  the  gyroscopos  and  lts  error  Signal  ls  usod  to  steer  the  ndssllo. 
As  a  rosult,  tho  rocke  fc  rill  fly  a  eonstant  bearing  course  until  it  collldes  with 
the  target.  &uch  i  course  ls  illustrated  (in  two  Coordinates  only)  in  Fig.  9. 

Tho  target  ls  shown  nttempting  to  avoid  the  misslle  by  making  a  turn  at  pdint  6, 

At  poin'ü  7,  tho  target  ls  to  tho  left  of  the  oxis  of  tho  homing  devlce.  The 
misslle  thereforo  turns  to  the  left  until  at  polnt  8  it  has  over  corrected  and 
ftnds  the  target  to  the  right  of  tho  homlng  axis.  If  the  control  system  ls  pro- 
porly  damped,  the  misslle  will  settlo  down  on  a  now  course  as  shown,  which  will 
proauco  a  collision  at  polnt  12.  If  no  homlng  were  used,  the  misslle  would  follow 
the  dashod  line,  Crossing  tho  path  of  the  target  nearly  ono  see^nd  too  soon, 

Tho  advantages  of  homing  are  so  groat  that  it  seems  eertain.  in  spite 
of  the  additional  cost  and  complication,  that  some  form  of  homing  would  have  been 
used  on  tho  '•Wasserfall'1  as  soon  as  possible, 

X  Tailpiece: 

No  part  of  the  equipment  doscribed  above  has  actually  been  seen  by  the 
writer.  In  fac/G<.  mach  of  it  never  existed  except  on  paper  and  in  the  minds  of 
the  designers  who  wore  interrogated.  There  was  no  way  to  insure  that  the  facts 
obtained  were  true^  it  is  certain  that  they  were  not  complete.  Novertheloss,  the 
inf ormat ion  is  being  passed  along  in  the  hope  that  it  may  serve  as  background  for 
more  d  etailed  investigations  of  the  C-2,  and  in  the  belief  that  some  of  the  ideas 
majf  provo  useful  in  our  own  development s. 


R.  tf.  PORTER 
Technical  Investigator 
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YBSRKE 

Tho  Slootro-^fcchoniaho  7/orko  was  ©  voiy  largo  Organisation 
divido d  into  fi\ro  dopertnß.nts*  Eaoh  ontployao  hod  s  nuribor  on  a 
docinol  systcm,  tho  diroötors  oarrying  singlo  nunibors,  deportncntal 
hoads  two,  soction  hords  throo  ,  otd;  Tho  Organisation  was  erränge d 
as  follow3:- 


EV7.1. 

Im. 2. 

SV. 2.1. 

E1J.2.2. 

Bff.2.3-. 

E\7,2.4. 

E8.3. 

EV/.4. 

E17.5. 


Diroctors. 

Development 

Design 

Electrioal 

Ground  Installation. 

Progress* 

Supp  ly . 

Test. 

Purchase. 


In  addition  to  tho  Pccnomundo  establishraont  various 
mibsidiary  works  wer©  raaiirfcainod  ©lsQWhere  suoh  es  ©t  Anklam,' 
Kumaorsdorf  ^  Bioiohorodo  ,  Lako  Constenco .  As  o  rusult  of  tho 

Russian  advansco  ,  it  was  docidod  at  thü'pnd  öf  Februery  to  roovo 
rx>3t  of  tho  ostah  1  ishraont  to  Bloichorodo  in  tho  Harz  Mountains.  At 
tho  ond  of  Ai>ril  with  the  collapso  of  tho  Western  Front  thoy  wpro 
ordorod  to  Öbor  Aiioorgeu,  ]büt  statod  they  foarod  oxtorminetion  hy 
tho  S.S.  so  thoy  scatterod  to  12  villogos  aroünd.  ThicySvoro  colloctod 
for  intorrogation  at  Ga i^üish-Part o  pkirohe n .  5  rail  oars  full  of 

radio  and  elootrical  tost  goar  wer©  f ound  at  tho  Station  at  Poiting. 

Tho  contehts  wo  re  oxaminod  and  aftor  an  invontoiy  had  hoon  mado  woro 
roturned  to  the  truoks. 


The  Electro-Mo ohanisho  \7orko  was  sot  up  to  invostj^gato 
liquid  rocke ts  using  A  stoff,  a  cover  narao  for  liquid  oxygon. 
Separate  ruports  aro  attached  dooling  with  tho  threo  uain  woapons 
produoed  at  Peononiindo  ,  naraejy  tho  A.4  ,  Wossorfal  and  Taifun.  Tho 
histoiy  of  Peenonöndo  is  givon  in  Prof  ,v.  Braun*  s  "Survey  of 
Bovolopmenl  of  Liquid  Eockots  in  Gornany  and  Thoir  Futuro  Prospects". 
(Appendix  1).  Appendix  2  gives  in. chart  form  tho  perticulars  of  tho 
full  ränge  of  **AM  wospons  ffosa  A.1  tp  A.7  and  the  future  A.9  and 
A*10,  These  woapons  were  dovulopod  ovor  tho  years  1933. to  1945* 

Tho  v/ork  was  originally  ebne  at  the  Rockot  Experimental  Station* 
Berlin,  but  Pooneri&ndo  was  conßtruotod  in  1937  to  1938  at  a  oost  of 
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300,000,000  rnarks  to  provido  a  sccludcd  rosoarch  Station  v/ith  apparatus 
to  obsorva  tho  rocket  in  f light  along' tho  Baltic  coast.  .  it  was  stated 
that  tho  A .4  'was  tho  first  of  thcsc  weapons  to  be  tested  at  Poonedundo . 
(DR. SCHILLING) 

A.T.O,  Units 


In  addition  to.  tho  weapons  A.1  to  A .  1 0 ,  Prof  .v. Braun  mentionod 
that  thoy  had  dovolopod  in  1937  to  1938  a  liquid  oxygon  assistod  tako 
off  rockot  which  gave  a  thrust  of*1  tonno  for  45  soos.  Ho  could 
not  romoribor  tho  ouptv  wuight  of  the  rockot,  but  thought  that  a  pair 
would  woight  betwoen  500  and  700kg.  Ho  stated  that  thoy  woighod  tho 
samo  as  Dr.Y/altcr1  s  H2O2  rockot s  but  dovo loped  twico  tho  thrust. 

‘ Expulsion  was  by  nitrogen,  ignition  by  firowork  and  the 
oxygon  vunt  valvo  was  oloctrically  oporated«  The  ooiobust ion  charobcr 
was  coolod  by  alcohol  and  'thoy  woro  dropped  by  parachuto.  Thoso 
A.T.O.  rockots  did  not  got  accoptod  by  the  G.A.P.  bocauso,  duo  to 
ovaporation,  it  was  not  possiblo  for  a  nuniber  of  eircraft  to  tako 
off  at  tho  samo  timo.  About  half*  an  hour  aftor  thoy  had  boon  fillcd, 
a  bell  rang  to  indicato  to  tho  pilot  that  tho  applianco  roquirod 
topping  up.  If  a  f light  of  aircraft  was  about  to  tako  off,  tho 
boll  piight  ring  and  dolay  tho  tako  off  of  somc  of  tho  aircraft. 

Prof  ,v. Braun  statod  that  he  thought  thr  ompty  woight  of  «.T.O.  units 
was  unirnportant  bocauso  of  tho  great  ly  incrca3od  thrust  given  to  tho 
aircraft.  Ho  said  that  Dr.V/altor *3  thrcc  fluid  rockot  was  still  in 
tho  experimental  stago. 

Tost  Stands, 


Thoro  woro  \\  tost  s^a-t ions  at  Poonomündo  East,  roading  fron 
Nor.th  to  South  as  follows;-* 

Test  Stand  No. 7» 

This  was  tho  tost  Station  in  tho  largo  oval.  Tho  valls 
oontained  instrurnont  "bunkors"  .  Tho  wall  of  tho  oval  was  not 
dosigned  bocauso  of  bläst,  but  was  munnt  to  shiold  tho  tost  Station 
frora  tho  san  wind  whioh  brought  in  sand. 
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The i’  v©s  a  largo  rigid  sceffolding  in  which  the  A.4  was 
strappod  vertically,  the  ^nlo  tos  suspehdod  from  a  large  woighing 
nachine  so  that  from  1942  a  comp  lote  rocket  could  he  givcn  a  hot 
statrc  firing  te  st.  The  locket  was  suspcndod  ah  out  ■  7m  abovo  tho 
ground  and  tho  gasos  wo  re  direct  cd  into  a  concroto  pit  shapod  liko  a 
v#  This  pit  deflected  the  gasos  upwards  and  was  lined  with 
nolyhdonum  stoel  wator  pipea '  through  which  500  litros  of  water  per 
sec  was  circulated,  The  roclcets  woro  hrought  out  of  the  largo  shod 
in  which  thoy  woro  storod  and  ädjusted«  Thoy  wo  re  carrled  hy  a 
convcycr  crano  which  lo/orod  them  into  tho  scaffolding.  Tho  orano 
was  kopt  thoro  to  protoct  tho  tost  worlcers  from  tho  woethor  and  wa s 
then  movod  hof oro  firing.  (EKG-*  TESSü'J^Nf)  In  spito  of  somo 
ovidoncc  to  tho  contrary  a  statorriönt  was  rnado  that  aotual  flight 
firings  woro  also  carriod  out  within  'tho  oval. 

Tost  Stand  No.1 . 


This  was  also  dosignod  to  onahlo  tho  tost  to  he  rnado  of  a 
ccs^plcto  roclcot,  hut  it  was  not  regardbd  as  satiefactory  as  Ko.7. 

Tost  Stand  No.8. 

For  static  tests  on  thrust  rnotors  only. 

Tost  Stand  No .9. 

For  tosting  tho  Wassorfal. 

Tc3t  Stand  No. 2, 

This  small  stand  was  usod  for  tosting  1-J*  tonno  rockots 
prosunably  A.3  and  A.5#  Löter  was  usod  for  tosting  va Ivos  and  oonpononts. 

Tost  Stand  No  .4  and.  3. 

Usod  for  A.T.O.  Units* 

Tost  Stand  Ko.5* 

For  tocting  Turbo-rPwip  unita  for  AA. 

TouX  S^na  N 0.6, 

V/assorfal. 
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Tost  Stand  10  and  11 


Situatod  ono  on  thc  soa  shorc  and  tho  othcr  in  tho  circlo 
inland,  vroro  u?cd  for  'flieht  firings  of  ^  »4s  and  7/asserfal. 

Tho  ix  ,4s  orrivod  by  railway  and  wont  into  thc  big  houso  whoro 
thoy  vroro  pickcd  up  by  two  cranos,  tho  largo r  32 n  high  pickcd  up  tho 
nosc  .cf  tho  rocket  by  ne  ans  of  scrow  bolts  scrcwod  into  thö  hoad. 

Tho  small  cranc  pickcd  up  tho  rocket  in  thc  niddlo  and  tho  rockot 
vros  transforrad  to  vort'ical  position.  It  was  tokon  to  Tost  Stand 
No. 7  in  T  Er-onnstand  Wagon.  (ENG. HEUER) 

LIQUID  OXIGEN 

Liquid  oxygon  was  mado  at  Poenenündo .  Thoy  had  two  ccrrpro ssors 
(oach  two  eylin&crs).  Tho  storagc  tanks  vroro  sphorical.  Thoy 
had.  tv/o  oach  30 ,0001g capa city  suspondod  from  an  iron  scaff olding  and 
insulatod  with  magnesium  powdor.  The  liquid  oxygon  was.  mado  at  tho 
rate  of  500  to  600  kg  iiror  hour.  Peenemünde  also  rccoivod  supplias 
of  liquid  oxygon  by  roil  Wagon  holding  22 ,000kg.  Prom  tho  rail 
wagon  or  tho  storage  installation  tho  liquid  oxygon  was  taten  to  tho 
tost  stand  in  road  Wagons  of  which  tho  snallost  ho ld  5,000kg  and  tho 
largo  st  8,000kg.  The  road  Wagons  wo  re  insulatod  with  30cm  of 

magno  siun  powdor.  (DRIVSR  IvI/UTEUPPEL)  Eng.  Borwald  who  was  in 
chargp  of  tho  liquid  oxygon  chambcrs  for  tho  L  .4  said  that  tho  road 
wagon  oould  hold  6,700  litros  and  wo  re  ‘  sulatod  with  5cm  of  glass 
wool  (Hyporlca)  with  a  shoot  motal  outor  covering.  Tho  loss  fron  this 
wagon  was  350  litros  per  24  hour  day.  Tho  liquid  oxygon  was  pumpod 
fron  tho  road  oars  to  tho  A.4s  by  moans  of  a  portablo  potrol  ongino 
drivon  pump  which  oould  bo  carriod  by  two  mon  and  raounte d  on  tho 
road  cars* 

Tho  liquid  oxygon  was  transforrod  from  a  road  car  to  tho  insido 
of  tho  .4  by  moans  of  a  long  rigid  pipo  7cm  insido  diamotor  covcrod 
v/ith  wovon  inaulation. 
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Cc-ord  ration  of  Peene  mundo  Te-gfcQSqjp»  Data . 

Sor.s  400  persons  v/e re  raaidtainod  at  Divisional  Headqaartcra , 
Garrndeh-Partenkirchen  for  interrogation.  Among  these  wäre  aany 
.i-iporuant  men  such  as: 

Gen.  von  Dornberger,  in  Charge  of  all  hocket  Development 
in  Gormany. 

Prof,  von  Braun,  Technical  Direct or. 

Dr.Stoinhoff ,  Hoad  of  the  Electrica  1  Section. 

Dr .Schilling,  Static  and  piring  Tests. 

Dr.  Dannenberg,- Hca&  of  the  Design  Section. 

Dr.Fricko,  Chiof  Designer  for  Solid  Rockets  of 
Rho  ine  Motal-Borsig. 

13 nf ortunatoly  Dr.Tchinkol,  the  Chiof  Chemist  was  missing. 

-■Ü  filos  and  drav/ings  wero  allegod  to  have  becn  takon  by  S.S. 
en.  Dr.Karrmler,  v/ho  may  possibly  have  v/allod  them  up  in  a  mino 
j.naft  at  Bloicherode.  Only  450  pooplc  wero  ordered  to  ovacuato 
-  Ober  Ammcrgau  out  of  tho  4*000  v/ho  loft  Poonenunde  for  Blöiohorodo . 
of  the  400  in  Go  rmish-Partonkir  cho  n ,  Gon.  von  Dornberger  and  Prof  .von 
?  -  en  prepared  a  list  of  somo  200  persona  v/hom  they  said  wero  of  minor 
m  :rtanco  and  could  bc  sont  to  their  homos.  Eveiyono  of  theso 
.  '  ;  sons  ras  interviovrcd  and  a  proportion  v/ure  oarrnarkod  for  furthor 
wntion.  The  re  st  v/eru  given  tronsport  towards  thoir  horno 
iistricts* 


rrith  r. gard  to  tho  200  qualifiod  cnginccrs  and  scientists  v/ho 
r.nained  at  Divisional  Ho  ad  quert  ors  ,  Garmish-Partcrikirchon,  it  ±3 
ehvious  that  in  the  courso  of  tvro  to  throc  wo oks  v/örlc ,  it  \/ns  quito 
>ssxble  to  cxtract  the  full  stoiy  of  tho  rocket  woapons  or  to  go 
•'.oply  into  an y  one  of  the  scientific  fecots  of  thia  werk.  Prom  tho 

paychologioal  point  of  vier/,  although  up  to  nov/  most  of  tho  stoff 

b;-ve  buon  willing  to  talk,  v/ho  tho  r  or  no  this  will  continuo ,  will 
dopend  upon  whethor  one  can  fester  tho  confidonco  that  the  toam  will 
uot  de  dispersed  and  may  have  tho  opportunity  of  continuing  thoir  work 
rvn  if  only  on  a  veiy  rauch  roducod  soalo.  Tho  attitudo  of  oo-oporotion 
.  ■invained  ine  to  now  hos  bcon  mainly  duo  to  tho  load  sot  by  Gen,  von 

n  ,  mb  er  gor  and  Prof .  von  Braun,  who  tako  up  tho  attitudo  that  if  they 

c  con vinco  the  British  and  Arne ricans  of  tho  valuo  of  their  v/ork,  thoro 

is  -  Chance  that  facilitios  may  bo  offored  in  England  or  Amurioa  for 
enntinuing  it,  Disporsal  of  the  Section  Loodors  or  romoval  of  tho 
nvnagemunt  vd.ll  dostroy  this  attitudo  and  tho  toam  as  a  wholo  inay  no 
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ion^cr  bc  tg clinica lly  helpful.  Should  ©uthoritios  vrish  to  obtain 
the  hir$fa  ©Ititucio  riet©  sg  proposod  by  Prof  r  von  Braun  or  to  launch 
A ,4s  and  A*9s,  rauch  tirno  could  bc  savod  and  risk  to  roatciiöl  ond 
lifo  avoidod  by  utilisiny  tho  uniqua  e.xporionco  of  this  toara  of 
vrorkers. 


In  the  course  of  interrogating  some  40  personc,  the  following 
details  viere  obtained  in  respect  to  the  construction,  test  and 
Operation  of  Rocket  A.  4. 


A.  War  He  ad. 


Sanetimes  when  rockets  were  launched  they  failed  to  fly  along 
the  cont rolle!  path,  or  due  to  a  fault  in  the  electrical  connecti«ns 
the  Power  Cut ^ff' (Brennschluss)  took  place  too  early.  Then  tfee 
rocket  would  ‘fall  back  to  a  place  on  or  near  the  launching  site.  If  the 
firing  "programme"  had  not  bcen  complctcd  the  War  Head  did  not  explode 
on  reaching  the  earth  because  the  fuze  was  not  armed  until  the  end  of 
the  "progra^me".  On  the  other  hand  such  an  accident  usually  roaulted 
in  an  oxygen -alcohol  fire  and  due  to  the  heat  generated  the  \7ar  Head 
was  likely  to  explode  at  the  end  of  half  an  hour.  (HIOF.  v.  BRAUN) 

Skin  Temperature.  ‘ 

Measurements  have  been  raade  to  ascertain  the  skin  temperature 
reached  during  the  rocket* s  downwords  f light  through  the  atmosphere  at 
supersonic  speeds.  These  were  obtained: 

(a)  By  means  of  models  made  of  rubber-like  matcrials  in  the 
surface  of  which  thermocouples  were  inserted.  The  models 
were  tested  in  the  Peenemünde  wind  tunnels  whioh  were  later 
removed  to  Kochel*  The  temperature  of  the  skin  was  found 
not  to  exceed  600°  C.  (H4  HERMANN  and  DR.KURTSWEG) 

(b)  The  skin  temperaturc3  were  measured  in  flight  by  a  method 
described  by  Dip,  Eng*  Schüler.  Small  discs  of  various 
metalis  of  known  melting  point  wora  inserted  into  the  skin 
of  the  rocket  and  connected  to  electrical  circuits.  As 
each  patch  melted  a  Signal  was  transmitted  by  te  lerne  gering 
to  the  observtition  Station.  The  skin  temperature  nowhere 
exceeded  650°  C.  Prof.  v.  Braun  demonstrated  that  although 
the  film  Stagnation  temperature  mlght  bc  as  high  as  1100°  C, 
due  t«  soakage  and  radiation,  the  skin  temperature  was  not 
likely  to  excced  more  than  half  this  figure.  He  pointed 
out  that  if  meteorolögical  examination  was  made  of  fragments 
after  an  air  Lvrst,  it  would  giye  a  misleading  result  because 
such  fragments  would  be  heated  to  higher  temperature  than 


17  8 


than  rhe  normal  skin  temperature  as  they  woulcL  be  recoiving 
heat  on  both  sides  of  the  skin  during  their  -passago  as 
fragments  through  the  atmosphere  •  Further  the  force  of  the 
explosion  would  give  these  fragments  an  ebnormally  high 
velocity  , 

B.  Alcohol  Tank» 

According  to  Document  B.14  which  döscrxbes  the  choico  of  -  t iming  t 
of  the  Brennschluss,  the  normal  fuel  content  would  be  3,797  Ivg.  of 
15%o  ethyl  alcohol  and  25%  water.  During  flight  this  tank  was 
pressurized  to  1,4  atmospheres.  For  40  secs,  this  was  achieved  by 
ram  compression  through  the  pipe  leading  to  the  War  Iiead,  At  the 
ond  of  40  secs  the  rocket  reached  a  hoight  where  ram  compression  was 
no  longer.  effoctive  ,  so  that  the  valve  was  shut  by  tho  "programme " 
control  and  theroafter  by  the  nitrogon  bottles  in  the  radio 
compartment .  The  fuel  tank  was  kept  pressurized  throughout  the 
whole  of  the  flight.  (DH.  ZOIKE) 

No  definite  answors  wcro  obtained  to  quorics  rogarding  the  cause 
of  air  bursts  and  it  would  appear  that  thcy.werc  either  uncertain 
rogarding  tho  causo ,  or  unwilling  to  divulge  it,  Soveral  i^ersons 
(among  thom  Prof.  v.  Braun  and  Eng.  Finzel)  mcntioned  the  difficulty 
of  p m so rving  tho  fuel  tank  during  its  downward  path  through  tho 
atmosphere,  Apparently  it  was  likoly  to  be  dostroyed  due  to: 

(a)  Excoss  differential  pressure  between;  tho  extemal 
atmosphere  and  the  pressure  within  the  tank, 

(b)  Differential  prossuros  on;  tho  forc  and  aft  ends  of  tho 
tank  duo  to  aorodynamic  disbr.ibut ion  of  pressure  on  the 
outsido  skin  of  the  rockot,  As  the  skin  was  by  no  me  ans 
air  tight  the  pressure  distribution  within  tho  rocket 
corrospondod  to  that  on  the  outside  skin  with  a 
corresponding  tondoncy  for  tho  tanks  to  have  e  largo 
rdsultant  force  oxerted  on  thom  towards  the  teil  of  tho 
rocket.  This  tonded  to  toer  tho  tahks  away  from  thoir 
connoctions  to  tho  Chassis  with  consoquont  tank  collapso 
v^iich  might  causo  an  oxplosivo  mixturo  of  alcohol  and  oxygor 
to  bo  brought  into  contact  with  tho  oxtornal  skin  at  a 
tomporaturo  of  5000  C  to  600°  C. 

In  order  to  ovorcomo  tho  so  difficu.lt  ins  a  now  method  of 
support ing  the  tank  was  dovolopod.  fhis  involved  holding  the  tank 


179 


in  broad  shect  stocl  strips  which  v/oro  in  tum  attschod  to  tho 
Chassis.  Such  a  tank  was  found  Blizna.  About  a  hundrod  of  this 
type  were  raado  and  they  avoidcd  welding  tho  Suspension  conncctions 
to  the- skin  of  the  tank,  They  were  re  je  etc  d  for  operational  uso 
as  it  was  too  heavy.  Tho  capacity  of  the  fucl  tank  was  4 >460  litroß. 
Sonic  larger  tanks  were  maac  for  A.4  towards  the  end  of  tho  war,  but 
were  ne  vor  used  (ENG*  FINZEL') 

C  *  Oxygen  Tank, 

The  capacity  according  to  documcnt  B»14  up  to  tho  ovcrflow  point 
was  4,960  Kg.  Tlx.  samc  docurent  dcscribcs  the  loss  by  cvaporation 
while  Standing  proparatory  to  boing  firod  as  2  Kg.  of  liquid  oxygon 
per  minute „  The  ränge  tables  woro  drawn  up  on  tho  assunpt ion  thot  a 
30  minute  weit  boforc  firing  involvod  a  Tloss  of  60  Kg* 

Prof,  v.  Braun  said  that  sometimes  during  tho  filling  operations 
they  would  bc  intorrupted  by  arxirry  air  raids,  This  causcd  a  wasto 
of  liquid  oxygon  and  under  pressuro  from  those  responsiblo  for  tho 
operational  handling  of  the  rockot ,  lagged  oxygon  tanks  woro  tried, 
Prof*  v*  Broun  said  that  the  logging  was  not  succossful  es  its  hobt 
capacity  was  such  that  it  transmitted  a  largo  quantity  of  hoat'to 
the  oxygen  and  this  during  the  filling  Operation*  actually  incrcesod 
the  loss  of  oxygon,  Tho  filling  Operation  cnly  took  12  minutos. 

Althcrugh  the  ■  St oiehemo tr ic  ratio  of  oxygen  to  alcohol-wator  was 
1  »0*64,  they  used  opcrationally  a  ratio  of  1  :Qj65  so  thot  tho  oquivalont 
of  3,797  Kg,  of  alcohol  would  bo  4 Kg.  of  liquid  oxygon. 

(phqf.  v&mm) 

The :ao  would  bo  setrj  400  Kg,  of  surplus  oxygen  and  a  quantity 
in  0XCC3S  of  this  might  have  hoch  loft  in  the*  oxygen  tank  aftor 
B  rennschlus  s • 

Tho  vent  valVc  was  of  an  ingenious  dosign  end  tho  object  of  tho 
deutle  scats  was  to  cnablo  the  valvo  to  opon  and  snut  at  lower 
pro  saures.  The  valvo  ;servod  a  double  purposo«  It  oould  bo  hold 
shut  by  high  pressure  niirogon.  It  was  so  hold  shut  to  tho  moment 
cf  filling  began  and  also  during  tho  firing  poriod,  Tho  valvo  also 
actod  as  an  automatic  rcliof  valvo,  opening  and  shutting  to.maintain  a 
pressuro  of  1.2  atmospheros  (gaugo)  *  During  tho  operational  period 
tho  heat  cxcjhangur  was  dosignod  to  maintain  a  pro ss\iro  of  1.5 
atmospheros  (gaugo)  at  tho  suctiön  sido  of  the  oxygon  purp. 

(DIP.  ENG.  ZOIKE) 
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In  ordcr  to  prevent  collapso  the  oxygon  tank  was  maxnta ine d 
with  an  internal  pressure  throughout  the  wholc  poriod  off  light« 

They  realised  the  danger  involvcd  if  the  vent  va Ivo  feile d  to 
ro-open  at  the  ond  of  the  operational  poriod,  it  ho  mg  feit  that 
tho  chancc  of  it  hoing  iccd  up  was  remöt-e  .•  It  was  connected  hy  a 

long  pipe  to  the  outer  skin  of  the  rocket.  The  valve  was  shut 

until  filling  he  gan*  Duc  to  this  tho  gnsos  only  passed  in  onc 

dircction,  that  is.,  from  valvo  to  atmosphorc  nnd  hcnoc  thorc  was  no 

opportunity  for  moisturo  to  get  to  tho  valvo  with  consoquent  ico 

formation.  It  was  agreod  that  tho' d&ngers  associatod  with  ico 
wc re  far  greater  on  wet  days.  The  small  Buna  Piston  used  in  the 
vont  valvo  was  adopted  in  spitc  of  the  advico  of'  expert s,  hut  provod 
very  satn,sfactory  in  Operation.  (PROF*  v.  BRAIJU) 

D.  Heat  Exchange r. 

(Liquid  Oxygcn-Stcam) 

This  was  dosignod  hy  Eng«  Bodhrfrig  who  was  not  amongst  tho 
staff  kept  for  interrogation  at  Garmisch« 

E,  Main  Oxygon  Valvo  , 

Tho  main  oxygen  and  alcohol  valvos  whon  not  pressurised  hy  high 
prossuro  nitrogon  woro  hoth  opon  ohout  8  m.rn.  The  oxygon  valvo  with 
which  wo  aro  familiär,  having  a  small  central  valvo,  was  on  oxpö rimental 
typo  ,  tho  small  valve  hoing  oliminated  in  later  prödüotion  rnodols« 

Tho  rhoostot  was  usod  to  chocik  tho  Operation  of  the  valvo  on  tho 
tost  stand  hy  moans  of  a  Whoatstonc  Bridgo  and  usoillographj  hut  tho 
troops  in  the  fiald  usod  tho  cloctric  oontact  to  chock  that  tho  valve 
oponed  and  shut  corroctly.  (PROF.  V.  BRAUM). 

Thoy  had  e  great  deal  of  difficulty  with  tho  packing  rings 
through  which  the  Opera ting  piston  of  this  valve  slid.  Thoy  triod 
Buna  hut  it  was  not  satisfactory  ho  cause  ,  olthough  it  did  not  hroak 
up  at  liquid  oxygen  tonpuraturo  ,  it  lJst  ito  rosilioncc.  Evcntually 
thoy  found  a  3ynthctic  suhstanco  IGAMIT  mado  hy  Vonditor  Kinstoff 
Fabrik  of  Fruisdorf ,  Hr.  Cologno.  Thoy  usod  this  3uhstanoo  as  tho 
ro3iliont  outer  shoath  of  the  rings  and  had  a  contro  hard  coro  of 
tape  wound  conatruction  vulcanizod.  The  first  sample s  of  HAMIT 
woro  oxtruded  and  provod  to  he  very  ro3iliont  a t  low  tomporaturos* 

Later  on  whon  tho  rings  woro  dolivered,  having  hoon  manufacturod 
hy  prosBurc  moudling,  thoy  v/oro  no  good,  (ENG,  PAST WA) 


181 


Turbo-Pumps « 



Eng.  Hubno r  who  f ormor ly  werke d  with  Prof,  Walter  Koil  wont 
to  Pbencmiinde  and  suporvised  the  tost  of  tho  Turbo-Purnp  units 
on  Tost  S:and  No, 5*  Ho  gave  tho  following  data  ro garding  this 
unit ,  Tho  ratio  of  T  Stoff  to  2  stoff  was  14:1*  (Storago  capacity 
130  litres  T  stoff 9  10  litros  Z  stoff),  Whon  tho  oloctrical 
contact  was  modo  to  start  tho  Turbo^Pump  .unit-,  both  T, stoff  valvcs 
(raain  piston  and  soionoid  by-pass)  öponed  togethor  §nd  tho  unit  camo 
up  to  full  spood  in  3*5  socs,  (Dip,  Eng,  Zoike  in  his  döscription 
of  tho  start ing  cyclo  soid  2-J-  socs  to  full  spood,  Prof.,  v,  Braun; 

said  1/3  sotu)  On  tho  tost  stand  the  unit  ran  at  4>00Q  R.P.M, 
döveloping  54®  H,P,  Düring  Operation,  tho  ro-vs  wo  re  from  3*^00  to 
3,8(30  R.P ,M,  At  4,00 0  tho  consumption  of  T  stoff  and 

Z  stoff  ±s  2@5  Kg/so es ,  Should  onything  go  wrong  with  tho  turbino, 
lest  it  should  go  too  fest,  it  is  providod  with  a  " snollachlusso" 
which  cuts  off  tho  T  stoff  at  an  o vor -spood, 

Tho  sfcoam  tomporoturG  ss  fod  to  tho  turbino  was  400-420°C, 

It  was  essential  tliat  this  should  be  kopt  constant,  Tho  T  stoff  as 
providod  ln  tho  f  io  13.  would  Vary  in  its  concontration  and  so 
adjustments  had  tc  bo  aädo  by  addmg  moro  or  loss  war  er  to  tho 
Z  stoff,  (PRÜF,  V,  BPAUN)  This  aoeuuntod  for  tho  rather  unusual 
ratio  of  T  stoff  to  3.  stoff  sinco  for  G-„A.T.0.R,  and  H.S  ,293  the  ratio 
wo  s  opp  ro.v--  Lno  to  ly  25:1 , 

Tho  stosm  p ipe  was  insulatod  for  a  dual  purpcsc ,  To  (i)  keep 
the  ateam  warm  and  (  ii)  to  provent  fixes  which  might  occur  should  thoro 
bo  an  aloohol  lenk,  in  which  coso  the  elcdhol  might  get  apl&shod  on  to 
the  baro  secam  pipe  and  ignito,  Tho  Z  st  eff  was  pourod  irt  from  o  can 
at  tho  last  momout  bofero  firing,  It  was  w&xraoä  tc  about  30  ^  and 
might  drop  on  s banding  to  5°C*  Tho  tank  was  desoribed  as  boing 
c op ab 3  e  of  standing  for  two  hours  at  -2§°C ,  If  aftor  a  cortoip.  timo 
the  rocket  was  not.  firen,  &  docr  was  opensd  in  tho  sido  of  tho  turbino 
ohambor  and  e  lange.  insortod  v/hich  blow  hot  air  over  tho  Z  stoff  tank 
(the  air  was  ho  et  cd  oxtcmally  by  clcctrie  me  ans , ) 

Prof,  v.  Braun  said  tho  the  Turb  o-Pump  chambcr  did  not  got 
vury  coj.d  due  tc  a  thin  aluminium.  diaphra gm  which  strotchod  right 
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across  tho  rockot  undorncoth  tho  liquid  cxygcn  tank* 

The  rcngo  was  controllod  by  tbc  timing  of  tho  Bronnschluss. 

They  must  havo  mot  sovoro  difficultics  duo  to  ” water  hammcr1'  which 
cause d  thom  to  shut  down  in  two  stngos*  Stage  1  nt  tho  Vorkommando 
rcducod  the  thrust  from  25  tonne  s  to  10  tonne  s  in  hbout  2  to  2^-  Sees. 
This  was  ochioved  by  shutting  off  the  na  in  piston  -öperating  tho 
T  stoff  valvo,  theroby  roducing  tho  flow  of  T  stoff  to  4p  Öf  its 
normal  volume  tho  rovs  now  being  2,000  R.P.M.  Lajper  tho  solonoid 
T  stoff  volvo  was  also  shut  and  the  thrust  clrops  to  nil  in  obout 
2  so  cs.  Thero  is  a  Variation  of  this  procedura  which  rnakes  tho 

pro -shut  off  stego  8  tonne s  thrust. 

Caro  is  taken.  that  no  T  stoff  should  enter  the  ro-oct ion 
chanfcer  until  thoro  is  an  assured  supp  ly  of  Z  stoff.  Tho.Z  stoff 
on  ontry  opoxates  a  diaphragm  contact  which  in  turn  makos  tho 
nocossary  eloctric  contacts  to  cause  both  T  stoff  valvos  to  opon« 

This  diaphragm  contact  is  known  as  tho  Rübidkontact  • 

G>-  Roducing  Valve  for  Turbo -Pump,  ünit  and  Sorvo,  Valvos. 

The  roducing  valvo  was  designod  in  poono mundo.  It  had  to  control 

tho  low  pressure  at  53  atmosphoro  (gaugo)  with  a  roliablo  Variation  of 
0*6  atmosphoros ..  Tho  valvo  was  'supposed  to  function  v/hilo  tho  high 
pressure  bettle s  drepped  from  200  atmospheros  to  50  atmospheros  (gaugo). 
Tho  valvo  contains  two  flexible  diophragnis  and  its  ©djustmont  is 
sensit ivo  to.  variations  in  temporaturo  .  YThon  cold  tbo  valvo  doos  not 
function  so  accuratoly.  In  order  to  countcract  this,  tho  valvo  was  . 
oloctrically  hoatod.  (ENG.  H0YER) . 

Eng.  B&tt  eher' was  omployed  on  testing  roducing  valvos.  Tho 
valvo  Was-  tested  by  blowing  nitrogon  through  fron  sono  high  prossure 
bottlos  and  allovdhgthe  high  prossuro  to  rodüco  slowly  while  the 
controllod  p res sura  on  tho  low  pressure  side  was  measurod.  Ho 
did  not  know  the  magnitudo  cf  tho  gas  flow.  Tho  moasuremont  was  made 
by  raeans  of  a  Bourdon  Tube,  plus  a  Potentiometer,  plus  Oscillogrnph. 

The  manufacturo  of  tho  so  valvos  was  carriod.  out  by'  thrco  or  four 
oxtemal  fims.  Anothcr  ronson  suggosted  for  electrica lly  heating 
tho  valvos  was  to  countcract  the  cooling  of  tho  nitrogon  as  it  expands 
in  tho  roducing  volvo.  From  1944  onwards  a  great  deal  of  tho  work 
on  tho  rockot  fittings  was  carriod  out  at  Anklam,  about  40  to  56  Km. 
av/ay  from  Poeneimndo  . 
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The  normal  delivery  pressure  of  both  pumps  was  25  atmospheres 
(gauge),  (ENG.  HOFPMäNN) 

T)iiring  the  funct  ion  of  the  power  plant  due  to  the  quantity 
*  ■-  -j.quid  oxygen  in  passage  from  t&nks  to  combustion  charber,  the 
yr  lent  temperature  aroündthe  Turbo-Purrp  unit  and  combustion 
iharnber  foll  to  -10©C. 

H.  Combustion  Chamber  and  Burners. 

Prof,  v.  Braun  said  that  the  de  sign  of  burner  cups  was  his 
ossontial  patent  and  foirnod  tho  basis  of  all  tho  HAM  wcapons. 

Just  as  T  stoff  was  used  asa  covor  name  for  Hydrogen-Peroxide,  so 
A  stoff  was  uscd  for  liquid  Oxygen.  Thero  is  a  fair  arnount  of 
evidence  to  indicate  that  most  of  the  fundamental  research  associatod 
with  tho  "A"  woapons  was  not  dono  by  Prof,  v,  Braun  and  his  staff, 
but  was  carriod  out  by  various  Professors  at  tho  Dresden  Institute 
of  Technology  and  at  other  similar  institutions.  The  early  work 
at  Peenemünde  beforc  tho  war  was  concont rate d  on  1  tonne  thrust 
chambcrs  (probably  for  A.T.O.  units).  These  Chambers  operated  with 
only  ono  burner  cup  wi th  the  type  of  which  iS  are  cnployod  for  A.4. 

The  noxt  stage  was  combustion  chanbors  with  3  burner  cups  for  4  tonne 
thrusts,  Prom  this  stage  they  went  straight  to  tho  18  cup  assembly 
for  A**4.  It  was  profcrablo  for  the  liquid  oxygen  and  'the  alcohol 
to  arrivo  simultane ously  ,  but  if  ono  had  to  come  first  it  must  bo 
the  oxygen.  In  practico  they  found  that  it  toolc  about  1  sec  to 
ostablish  the  flow  of  liquid  oxygen,  (MG.  LIKDENBEEG) 

It  is  reportod  that  in  1939  to  1540  Prof.  Book  at  the 
Instituto  of  Technology,  Dresden,  carriod  out  fundamental  rosearch  on 
tho  conbustion  of  aloohol  and  liquid  oxygon#  Small  combustion 
chanbcrs  woro  built  for  oxperimontal  purposes,  Ono  of  the  so  had 
a  thrust  of  1  tonne.  Experimental  chambors.  v/ero  run  for  ono  Minute# 
They  woro  ostablishod  in  an  experimental  Station  at  Kummersdorf . 

In  1940  Prof*  Bock  was  transforred  to  tho  Instituto  of  Autoraöbilo 
b  ineoring,  Berlin,  ^diore  he  diod  tho  following  yoar, 

It  was  reportod  that  tho  combustion  systom  of  tho  A.4*  was 
inventod  by  Dr*  Thiol#  Ho  was  killed  in  tho  first  large  raid. 

Eng*  Hans  Lihdoriborg  seid  that  from  1930  onwards  ho  was  doing  ro- 
ooaroh  at  tho  Technical  School,  Dresden  on  fuol  injootor3  for  doisol 
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onginos.  He  stated  that  tho  dosign  of  the  fuol  injoction  nozzles 
for  A.4  tos  sottlcd  at  Drosdo©.  Thoy  had  a  laboratory  for 
moasuring  thc  output  and  for  photographing  the  spray  of  tho  alcohol 
jets.  Eng.  LindonbGrg  said  that: 

(a)  The  output  of  the  alcohol  jets  was  constant  for  a  given 
prossure  drop  ocross  tho  jct,  i.c . ,  was  not  affcctcd  by  tho 
baclc  x^rc  ssuro  duo  to  tho  prossuro  in  tho;  cdtibustion  chambor. 

(b)  The  alcohol  jets  gave  thc  sarao  calfbration  during  "hot" 
Operation  of  thc  combustion  chambcr  os  was  obtainod  during 
"cold  oalibration. 

In  tho  burncr- cups  plain  cylindricel  aloohol  jots  worc  used  nt 
tho  xiol  end  nerr  tho  oxygen  sprayor.  Wido  angle d  alcohol  spray ers 
woro  dovclopod  for  uso  at  the  hot  end  to  koop  tho  surfaco  cool. 

Eng.  Linde nhorg,  from  1940  onwards,  workod  part  of  the  timo  in 
Dresden  and  part  et  Peeno mundo  on  tho  development  of  tho  combustion 
chaniber*  The  normal  etomizing  prossure  was  3  atmosphoros. 

Prof.  v.  Braun  said  that  tho  flaino  frpnt  was  ostablishod  just 
.insido  or  at  tho  mouth  of  the  combustion  cups.  Ho  agrood  that  this 
condition  was  associatod  with  a  possihility  that  tho  combustion 
chambor  ho  ad  might  got  burnt,  but  pointod  out  that  if  tho  flamo  front 
is  allowod  to  form  at  o  distanco  away  from  tho  bumors ,  tho 
efficionoy  of  oarribustion  and  spocifio  dmpulso  wouüd  suffor. 

In  rospOct  to  tho  cooling  jacket ,  tho  frictional  drop  was 
reportod  as  5  atmosphoros  and  the  tenporaturo  riso  would  bo  from 
10°C  to  40°C,  i.e.  30°  C.  (ENG.  HOFTMAEN) 

Eng.  Lindonborg  said  that  tho  tenperaturo  riso  was  botwoon  40°  C 
and  60°  C.  Ho  oxplainod  tho  functioning  of  tho  36  sorow  plugs  which 
aro  sot  in  tho  wall  of  tho  oombustion  chambcr  in  groups  of  3  upstroam 
of  tho  ventury  throat.  Each  plug  is  drillod  ■with  4  small  holos. 

V/hat  was  not  apporent  from  oxamination  of  e  usod  rocket,  was  that 
beforo  firing  tnoso  144  holos  wero  fillod  with  Woods  or  othor  low 
tompuroturo  mclting  motal.  V/hon  tho  skin  of  tho  corribustion  chanbor 
rcochos  o  cortain  tonperaturo  tho  mctal  plugs  inoltod  and  additional 
surfaco  cooling  is  orovidod  for  tho  throat  of  tho  vonturi.  Tho  nctol 
strips  in  tho  cooling  ,j  ecket  oorvo  a  dual  purposo  of  prosorving  tho 
width  of  tho  cooling  3poco  and  also  carrying  out  tho  moro  important 
function  of  strongthening  thc  combustion  chambcr  at  o  point  whoro  it 
is  mo3t  likoly  to  suffor  from  ony  oxoossive  ])rc33uro  duo.  to  an 
Impuls ivo  start.  Thuiv  is  ono  unoxplained  small  connoct ion  to  tho 


185 


large  ©nnulus  at  the  feed-in  of  the  cooling  Jacke t ,  Prom 

this  a  small  pipe  was  led  to  the  mttsido  of  the  rocket  and  this 
provade  d  the  only  me  ©ns  of  draining  off  the  olcohol  in  the  event 
c,  somethlng  going  wrong  during  ©  combustion  test  on  the  - tost  stand. 
(S'i G.  L3OT5N3EKG) 

Br,  Haller  me  nt  Io  ne  d  that  for  combustion  chambors  up  to*  1  tonne 
tnrust  spray  cooling  xs  necessary, 

The  mass  flow  of  fuel  was  as  foilows  as  given  by  Dr.  Palm* 

During  the  first  5  secs  Operation  (under  gravi ty  feod)  7  Kg/sec, 
(Eng.  Hcffmarm  stated  that  thcre  was  ap proxime te ly  8  kg,  of  each  fluid 
per  seo  for  the  first  5  to  7  sc es).  When  the  puxqps  had  reached  full 
speed  tho  mass  flow  of  both  fluids  was  127  kg/sec  which  gove  &  thrust 
of  25  tonnes«,  (Di*.  Zolles  seid  that  tho  asar  thrust  was  27  tonnes, 
the  thrust  rislng  by  4e2  tonnes  in  the  courso  of  flight,) 

(Eng.  HofÄnann  stated  135  Kg/ sec  whieh  ©quäle  60  kg/sec  alcohol 
plus  75  Kg/ sec  cxxygen.) 

Various  figures  -mrb  put  forward  regarding  tho  specific  iaapulse 
ootaxnsd,  Prof.  v«.  Braun  said  thai  for  epe rational  purposea 
thoy  reckoned  on  an  iapulse  of  4.-75.  ^Aß/soo  (2101b/lb/seo)  but  on 
tho  test  bod  tfaey  achte vod  an  .Impulse  of  4«  5^/kg/so  c  ( 2201b /lb / 
sec),  .  Tho  roported  thrust  of  25  tonnes  wiih  ©  msss  flow  of 
1 2  Tiqj/ so c  ia  e-qpivalont  to  a  spocifio  irrpulsc  cf  StOSgr^kg/soo 
( 1 9  71b/  lb/  so  o  )  *  Dr  «.Haller  soll  that  for  relative ly  small  combust  Ion 
chasi ibers  thry  could  uao  95?4  alcohcl  as  a  fuel,  but  this  gavo  too 
hot  coiibustion  chmtear  condition«  for  large  chambere,  Tho  small 
ohsmbers  do  not  roqairo  surfe- cc  cooling*  Sams  six  or  so  von  years 
fßc  thoy  tried  using  gaaolirxi.es  v  fuol,  Prof,  v,  Braun  said  that 
it  was  unsatisfaotoj^«  Corabu?  t  ion  condit  ions  wo  re  not  as  good  aa 
wxth  alcohol. and  persona  working  on  the  tost- stand,  nora  covere d  y/ifch 
ooot,  The  mein  dbjoctien  to  the  uso  of  avi&ticn  epifit  was  that  it 
uiü  not  funotion  '»oll  as  a  eoolant  p  tonding  to  givo  unequal  cooling  " 
to  tho.  different  parts  of  tho  surfäoo  and  also  to  form  gas  locke» 

The  vonturi  eould  not  bo  dosignod  tc  givo  tho  corroot  expansion, 
both  at  ground  lovul  and  et  tho  and  of  tho  firing  period,  ,  During 
this  poriod  tho  thrust  rose  froni  25  tonnes  to  29  tonnes-  öuo  to  tho 
door -o3bo  in  the  externa 1  pressure.  As  e  comproir4.sc  *he  venturi  was 
doalrpc-’d  for  an  Expansion  down  to  0.85  atinospharos  1(&b r blute.). 
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Gas  RucMöjt* 



Dr.  v*  Brmm  seid  that  tho  grephite  usod  for  thoso  ruddsrs  was 
the  some  aa  tho t  usod  for  eXoctrodos  in  electric  furnecos»  Ho 
pointed  out  that  tho  furction  of  tho  gas  ruddors  was  to  stabiliao 
tho  projectilo  du ring  tho  firsx  pari  of  its  f light  until  it  attainod 
a  sufficiont  spood  for  tho  tail  fins  to  ensuro  stability*  Thoy  had 
— exporbmcntcd  and  found  that  thoy  could  Substitute  oak  gas  ruddors 
instoad  of  grophito ,  bocauso  tho  oak  would  last  for  tliö  neecssary 
fow  so  conds. 

J*  To  sting  -tho  A  «4  * 

All  tho  fuol  no zrale s  wore  ,  independent ly  calibr&ted  and  later 
wero  agaln  calibrated  in  situ  by  moans  of  a  stet  io  oold  blova-out 
tost  carried  out  on  a  oonibustion  chacbor  unit  fron  fixod  woighod 
tanks.  In  this  tost  the  liquid  oxygßn  was  diroctod  into  flexible 
hosos  back  to  a  surap  ,  v/hilo  tho  plochol  was  oaught  in  a  large  funnel 
about  3  foet  in  diainotor  and  iod  back  to  onothoi  tank® 

Up  to  194-2  it  was  not  possiblo  to  give  the  coinplete  rocket  a 
hot  static  tost*  Tho  combustion  ohambor^  howcvor,  wore  givon  a 
separate  hot  static  tG st  and  tho  thrust  tos  maasurod  by  largo 
balancod  arms  weighing  inachinos  mado  by  Sulz;  of  Toledo,  Nr®Cologno. 
Tho  wo i^iing  hiöchinos  had  a  noedlo  on  s  dial.es  an.  indicator  and  this 
wa  s  photographod  by  high  spood  camora  throughout  the  run® 

Thoy  had  tried  to  neasuro  the  thrust  on  a  wholo  rocket  boforo 
1942,  büt  tho  scalos  woro  not  sufficiontly  accurato,  From  1942 
onwards,  errangomonts  woro  ipado  so  that  ön  Test  Stand  No *7  tho 
complcto  rookot  could  bo  suspondod  in  a  scaffolding  which  was  hung 
from  a  wo  ighing  maohino  ,  so  that  tho  thrust  during  a  hot  static 
run  could  bo  moasurod,  (ENG.  TESSMÄTJN ) 

Tho  Establishment  built  up  an  olaborato  ränge  of  Instruments 
so  that  thoy  could  rooord  tho  bchaviour  of  the  rocket  during  static 
tost s.  In  order  to  ascortain  tho  rate  of  flow  of  tho  working 
substancos ,  special  flownctors  and  tost  gaugas  had  to  bo  dovolopod 
for  liquid  oxygon  and  alcohol  tanks  and  pipo*  Tho so  mstrumonts 

aro  düsoribod  in  a  separate  report  rooording  information  givon  during 
an  intorrogation  of  Dip*  Eng.  Schüler,  whoso  solo  ooncorn  was 
moasuring  and  motcring  probloms  on  tho  A.4  and  other  woepons« 
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In  a  ddit  ion  to  naking  olaborate  moasuremsnts  on  the  thrust 
motor  and  the  v/holc  rocket  durui^  static  tests,  arrangements  wero 
made  to  rxnsurc  and' tronsnit  to  tho  ground  Station  the  more 
important  data  during  f light .  Dr. Schüler  roportod  that  he  left 

Peenemünde  with  the  scccnd  group  evacuation  and  that  he  thought  that 
most  of  the  special  instruments  would  he  sc  nt  to  Lehesten,’  ne  ar 
Salfcld,  Leipzig  whero  it  was  intcndod  to  continuc  work  on  conibustion 
chambers. 

All  tho  Instruments  in  tho  rocket  were  designed  so  as  to 
oper.  to  indicators  and  rocorders  a  considcrahlc  distanco  away.  Tho 
instruments  and  ebservers’  were  housod  in  Underground  observation 
chanibcrs  knov/n  as  "bunkers" .  V/licn  testing  thrust  motors  elono  ,  tho 
nearcst  bunkor  was  15  rnetres  away.  Y/hcn  testing  whole  rockcts  tho 
procoduro  was  rogarded  as  being  very-  much  rnorc  dangcrous  and  tho 
instrunonts  woro  housod  in  a  bunker  100  to  150  notros  away 

Firing  tho  Rocket. 

The  ränge  t  ab  los  -gove  the  brennschluss  time  and  velooity  for  a  givon 
all  up  weight  and  desired  ränge.  Originally  the  Eronnschluss  was 
oporated  by  radio  comnand  fron  o  ground  Station.  Lator  this  was  dens  by  the 
Gyro-accolcroirctcr  and  thon  by  tho  Buchold  Eloctrolytic  Intogrator. 

L  fourth  moju  accurato  system  was  in  procoss  of  being  dovclopod 
v/hereby  the  accolcration  tirao  curvo  would  be  kopt  constant  by 
Controlling  the  flow  of  T  stoff  to  tho  Turbo -Pump  unit. 

The  boaring  was  controllod  by  the  rotating  launching  platfom 
v/hich  was  set  in  the  sano  manne r  as  whon  firing  a  gun,  For  thi3 
puroose  a  diroction  tclosccpo  and  a  Loitz  Colimotor  woro  usod, 

The  training  of  the  projoctilo  on  tho  right  boaring  was  dene  from 
the  ground,  so  thrt  it  was  first  necossory  to  raoasuro  by  optical 
methods  tho  angle  betweon  tho  rcforonco  plato  noar  tho  ground  and 
tho  mouriting  of  tho  gyro  in  tho  control  oompartrnent .  (DR.  ROSENTH/iL) 

Boforc  filling  tho  rockots  tho  tonk3  and  valvcs  wero  tostod  for 
tightnoss  by  pressurizing  tho  velvos  to  1,8  atmoaphoros  and  secing  if 
thig  tos  na  int  a  ine  d  for  5  minutos.  Tho  T  stoff  and  Z  stoff  valvos  and 
tanks  woro  also  teste d, 

Tho  liquids  v/oro  put  in  in  the  following  ordor; 


1.  Pool  | 

2.  T  stoff  ( 

jj.  Liquid  0 xygpnt 


These  woro  all  Pui.ipoct  direct 
from  truck  to  projoctile. 
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4.  Z  atoff.  Poured  out  of  a  can, 


L.  Ignition« 

Vfhen  the  rp.oket  was  ready  to  be  fired  an  ignit ing  torch  was 
lit.  -  The  r  e  are  twö  type  3 : 

(a)  A  Pyroteohnic  (black  powder)  ignitor,  and 

(b)  A  liquid  ope rote d  torch  using  a  "Hypergol”  pair  of 
fluida  such  as  nitric  acid  and  Visol. 

They  preferred  the  firework  be  cause  the  liquid  ignitor 
required  more  attention  and  had  to  be  refilled  betwoen  eacli  use. 

Y/hen  the  firework  was  alight  the  nitrogen  was  cut  off  from  the 
raain  alcohol  and  oxygen  valves,  which  caused  them  to  open  to 
their  natural  positions ,  nameüy  about  8  num.  open.  The  alcohol 
and  oxy gen  now  flör/s  through  the  purrps  under  a  gravity  he  ad  from 
the  alcohol  tank  and  0  pressure  of  approximato ly  1  atmosphere  in 
thö  oxygen  tank  as  the.  vent  valve  is  hold  shut  during  the 
operational  poriod.  The  flow  of  alcohol  and  oxygen  which  omounts 
to  7Kg/sec-15Kg/seo,  according  to  different  authorities.,  lights 
quite  easily.  If  all  18  bumcr  ciips  light  simultaneously  thcro  is 
no  shock,  but  if  sorae  ignite  iinraodiatoly  and  the  re  st  later  the  re  is 
a  moderate  bang  whon  this  occurs. 

These  conditions  are  maintained  for  5  or  6  socs  until  the 
operator  is.assured  that  ignition  is  sotisfactoiiHy  attained  and  an 
adoquate  ternperature  oxists  in  the  combustion  chamber.  Y/hen  only 
thrust  motors  are  bcingtested  the  ob  server,  being  about  50  feot  eway , 
can  judgo  by  tho  gl  ow  in  the  oxit  fr  cm  the  vonturi.  If  a  whole 
rocket  is  being  tested,  the  observcr  is  rauch  furthor  away  and  they 
havc  used  hoat  sensitive  devicos  such  as  thermocouplos  to  indicato 
electrica lly  that  igpition  has  boen  achievod.  \Yhen  thi's  is  so, 
tho  operator  .makos  an.öloctric  contact  which  sots  tho  T  -  Z  stoff 
syston  in  Operation.  The  Turbo-Pump  rapidly  roachos  full  speöd 
and  whilo  this  is'  ha-ppening  tho  thrust  exoeeds  the  weight  of  tho 
full  pro;jo  etile,  so  that  if  it  is  not  being  statically  testod  it 
loavos  the  ground. 


189 


SfaSSJiqKJi.  (C^2). 

This  guidod  onti-b  ircra  ft  woapon  had  120011  in  thc  coursc  of 
development  sinco  1940.  At  thc  cnd  of  the  war  it  had  not  becn 
U33&  Operation» l^y ,  boing  still* in  thc  development  stagc.  Evidoncc 
obtaijicd  at  tho  Wind  Tunnels  at  Kochel  ehows  that  at  least  six 
^different  shapos  had  been  tried  out  to  gut  thc  best  acrodynamic  rcsults. 
>Thc  sbape  ndopsed  for  operational  usc  is  shown  on  Drawing  No. 

Verl  which  all  tho  dimensions  aro  givon  in  terms  of  tho  diameter . 

An  »ppraxiraaro  spocification  is  givon  bclo\T, 

Diaisotcr  -  88cms« 

Overall  length  -  7.87  untres. 

Span  -  1  «9  Esotros* 

Erapty  woight  -  ly&Kg« 

Ifclght  of  aciä  -  löGCKg.  Woight  of  fuol  385kg.  ' 

Woight  of  high  p  10  saure  nitrogen  -  7QKß* 

©irust  B  tormosa 

JXüp» tion  of  bitming  t me  -  Slightlj  loss  than  45  so  cs. 

Maos  fuol  f Ixm  -  Approxiraatcly  45lvg/ soc. 

Bj>aci£io  Impulse  -  About  17833o/lb/spec 

Ex^i  pressure  Hg  260  --atu*  (gaugo).  Seducing  va3sc  25-27ata(  ge ugo) 
.Most  of  the  infomotion  regarding  tho  Y/sssorfol  cerro  fron 
Drs*  Beller,  Palm  and  ZoHs)«  The  fucls  to  bo  U3cd  \rovo  mixüd 
acid  (9C$o  nitric  »cid  and  10$  sulphuric  »cidWith  Vis  bl  or  Optolonc. 

It  is  probable»  that  tho  Visol  (CoHtj-O.CH^CHg)  would  bc  mixod  witb 
AndLrlne  to  promotö  cuiiSrnistion  „  eltnough  mixod  ac5.d  was  described  os 
boing  mors  roadily  self-igult  ing  with  puio  Visoi  than  straight 
nitric«  The  Optolene  consistod  of  5  coraponents  and  was  roughly 
iraödc  up  of“,  5Q$  Visol,  10:20$  Anilins the  roet  be ing  Optol  (a 
cool,  tar  raw  product  contaijiing  Phenol  which  inhlbits  the  formetion 
of  Cyfy.)  #  Berne!  and  Xylol  (this  also  provonts  the  fornetion  of 
04%  cxystsls«)  The  mixt  uro  is  roputed  to  havo.a  specific  gravity 
of .  ipptmtoatcly  0*9*  -The  Stoichomoiric  mixturo  was  one  part  of 
seid  :ü  «22  psi’ts  of  f uoX 9  but  for  operational  purposos  thoy  used  one 
part  of  a  cid  s  0.24  perts  cf  fuol.  Tho  thoorotioal  specific  inpulse 
for  mixod  seid  and  Optolono  was  214lb/lb/soc  t  but  thoy  actually 
öuüo iood  about  1&3*  Bip.  Eng«  Schilling  '..ho  was  ovor  all  oxpcrimontal 
werk  at  FcojKjrarndo  seid  thrt  for  preetical  purpose c  thoy  aoeoptod 
iiqmleßß  15$  lower  than  tho  thoorotioal. 


üther  f  igu.ro s  quoted  for  those  fuois  wo ra  . 

One  part  nitric  seid  plus  0*23  parts  Viscl.  2141b/lb/soc* 

0*9  parts  nitric  aodd  plus  0*1  pari  sulphuric  acid  plu? 
visol  ,  204Ib/lb/soc«, 

C*9  ports  nitric  acid  plus  0*1  part  sulphurrc  acid  plus 
Optolene  f  2041b/lb/sec. 

At  a  later  interview  Dr.  Heller  said  thnt  taking  an  average 
specific  iripuise  of  say  4*9gny^^s^c,  changing  tho  fuel  from  Qptolenc 
to  Visol  etc  only  made  &  difforene o  of  *  or  -  1/1ögp  in  tho  specific 
Impulse  » 


It  was  hopod  to  störe '-tho sc  v.  Japans  fully  loadod  with  liqui&s 
for  a  mininuüii  poriod  of  6  months  and  preforahly  for  &  ycar  before 
firing«  As  both  liquid  vossols  wo  re  fitied  ot  cach  ond  vrith 
aluminimum  bursting  diaphrogjns,  it  was  essential  that  in  storagc  the 
pressure  within  eoah  tank  should  not  exeood  a  pressure  lilcoly  to  burst 
tho  diaphragras  which  woro  dosignod  to  go  at  10  atmosphorcs  differential 
pressure«  For  oxporimental  purpoees  a  ullage  spaoe  of  33  litres  was 
loft  in  the  acid  tank;  for  operational  use  48  litres  was  left* 

In  the  fuel  tank  for  experimental  purposos  thoy  usod  o  ullage  apaco  of 
13  litres,  büt  in  the  oporotional  modßl  this  was  botwoen  18  and  20. 

Tho  storago  lifo  was  tostod  by  f  illing  ot  10°C  and  thon  raising  the 
ambient  tcrirporaturo  to  40  or  50°G, 

Bolow  is  given  0  degeription  of  tho  intomal  orrangements  of 
tho  Wassorfal  from  forc  to  oft. 

1  *  Radio  and  Fuzc  Compartmont. 

A  gropt  deal  of  Work  had  boon  dono  on  tho  radio  st 00 ring 
devico ,  preximity  fuzes  and  Höming  dovicea  for  this  woapon*  No 
definite  decision  had  boon  rnado  re  garding  tho  typos  to  bo  usod  for 
operational  purposea. 

2.  War  Ho  ad. 

Bolioved  to  bo  about  300Kg„ 

3»  High  Pressure  G-as  Bottlos. 

Biaiaotor  •  70 gm* 

Storago  capecity  ~  235  litres  (70Kg)  nitrogon  at  260  atmosphorcs 

(gaugo). 
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They  had  eaporiraontod  with  ooraprossed  eir  instoed  of 
nitrogon,  Töut  tho  ro  su.lt  s  wäre  not  avoileblo,  Tho  nitrogon 
•Mt'tlo  Is  oq^iippod  with  hand  oporatod  valvo  ,  pressure  gaugo  and 
filbing  mnnaoiian,  After  this  is  an  oxplosivo  oporatod  starting 
velTO  prusunsibly  similar  in  dosign  to  thot  usod  on  H -.3.29 3* 

4*  Rodbcing  Velvet« 

Tlio  redueing  valvo  for  this  woapon  had  boon  spocially  doai^od 
beesuso  the  gas  used  for  tho  oxpulsion  of  flnids  et  such  a  high  reto 
w@sa  a  yory  largo  quantity ,  i,o,  33  litros/so.c  et  tho  controllod 
pressure  of  25  atiaosphorcs  ( gaugp )  ,  Tho  low  prossuro  oontrolling 

coqg©rt®<c«t  wes  in  e  bellows  and  tho  loa  ding  wes  by  a  long  povrorful 
spring  with  an  sdjusting  scrow.  Tho  wholo  valvo  might  wo  ight  as 
bhigIi  as  tCKg  and  a Iso  from  50m  long* 

After  diapersel  front  Po  eno  mundo  in  1944,  work  on  tho  intornal 
f ittings  of  tho  Uössorfel  wont  on  at  Anklan,  Tho  valvo  was 
marazfö etuEred  for  Peenemünde  by  Messrs.  Hübner  ,  Meior  of  Vionna, 

Undor  test  tho  valvo  did  not  givo  fulüy  3etisfactöry  roäults,  as  tho 
cantrolled  prossuro  apparontly  foll .  off  whon  tho  high  pro  ssuro  sido 
got  *as  low  es  90  atraosphoros,  Thby  had  apparontly  spont  a  lot  of 
timet  trying  to  raakc  tho  valvo  work  weil  both  at  tho  stört  whon  it 
was  subjectod  to  heavy  shock  on  tho  firing.of .  tho  initieting  valvo, 
and  et  the  ond  af  Operation  whon  the  gas  bottlo  was  noarly  oxhaustod, 
{EMS-.  HOT,  ENG.  TCI8SB3SEN) 

5.  Thrco-way  Yalvc, 

_According  to  Eng*  Tonno  esc  n,  tho  gas  eftcr  passing  tho 
rodhaeing  valvo  wont  to  tho  throo-wey  valvo,  This  valvo  had  four 
csoimPctians,  ono  leading  to  atmosphoro  ,  ono  to  tho  rodüoing  valvb, 
anc  which  brsnehed  to  tho  fuol  tanks  and  ono  to  a  safoty  valvo  which 
openod  in  the  evont  of  tho  control  prossuro  oxeooding  ©  cortain 
limit  dnring  oporstion#  Tho  throo-way  valvo  was  doscribod  as  boing 
qporatod  by  cartridgo  boforo  tho  firing  valvo  was  firod,  It 
carriod  two  poprpot  velvos  and  during  storogo  tho  ono  loa  ding  to 
»tmaepfaero  was  eponed  and  tho  ono  loading  to  tho  fuol  tanks  was  shut , 
On  firing  the  first  cartridgo ,  this  condition  was  roversod,  If 
boforo  launching  tho  projecrtilo  ono  had  firod  tho  cartridgo  to  closo 
the  vent  valvo  and  ttem  docidod  for  cporational  roason a  not  to  firo 
the  projoctiho  ,  a  sooond  cartridgo  oould  bo  firod  which  would  rosot 
this  tfcrce-way  valvo  to  its  storago  condition. 
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6.  Tanks 


Tho  gas  Lino  bran  ehe  d  to  tho  tv/o  liquid  tanks  whiph  formod 
part  of  tho  skin  of  tho  projoctilo.  The  upper  tank  contained  the 
fuol,  while  tho  lower  tank  containod  tho  seid,  Thoy  had 
apparently  tried  nany  methods  of  making  tho  seid  tank  in  Order  that 
the  projccti3.o  Pould  be  capablc  of  boing  storod  for  a  long  puriod. 
Tho  ’f ollowing  mo thods  of  construction  wore  mont  iono  d. 

DrjjPalin.  Steel  with  aluminimun  inner  skin. 

Eng»  Tut a  and  Hcllobrand.  Mangano so  stocrl.- 
Eng»  Torinosson.  Enamcllcd  stocl. 

Eng.  Bringer»  b-fo  Chrome  stocl  ( Luftwaffe  Spocificaticn  No«1604)  • 

Boforo  ontoring  tho  tanks  the  comprossod  nitrogen  had  to 
burst  two  diaphragros  raadc  of  aluminimun  in  which  circular  V  groovos 
had  boon  cut.  The  groove  did  not  form  o  comp  1g to  circle  ,  tho 
diophragm  boing  loft  uncut  for  a  scctor  of  about  30°  in  ordor  to 
form  a  hinge  whon  tho  gas  prossuro  burst  open  tho  diapbragn  and 
bont  back  tho  disc» 

Tho  forward  eccolcration  of  the  projcctilc  with  a  thrust  of 
8  tonnos  must  havo  boon  a,proxiiuately  2,1g  at  tho  start  and  4*5g 
at  xiio  ond.  It  was  dosignod  for  a  lateral  accolcration  of  12g, 
Y/xth  such  lateral  accolcration  tho  mcniscus  of  the  fluids  was 
doscribod  as  standing  at  an  anglo  of  20°  to  tho  oxis  of  the 
proioctilo .  Thero  must  havo  boon  alternative  dosigns  for  tho 
fuol  tanks  bo  cause  Dr.  Palm  said  that  tho  swing  of  tho  fluid  was 
dealt  with  by  suspon&dhg  a  'doiiyoiy  pipo  fr om  the  roof  of  oach 
tank.  Tho  delivery  pipo  y/ös-  articulatod  by  ne  ans  of  a  rnotal 
bcllo^vs.  0n  the  othor  hand  Eng.  B ingor  drow  a  sketöh  of  tho 
tanks  which  showod.  a  contral  passago  way  through  oach  tank.  This 
passago  way  was  usod  for  tho  fluids  and  gas  lincs  and  tho  latGral 
acccloration  was  apparontly ’countorod  by  the  Provision  of  rotating 
fooä  pipos  which  followod  the  flüids  to  tho  sidc  of  the  tank-, 

7*  Jets  -  Combustion  Chamber, 


After  leaving.  the  tanks  both  fluids  passed  through  aluminimum 
burstor  diaphragms  ond  tho  tue!  passed  through  a  choko  which 
componsatod  for  tho  frict-jonal  pressure  drep  of  tho  aoid  in  its 
passage  through  tho  coo^ing  jeckot.  (ENG.  TOIOIESSEN)  Tho  acid 
passod  through  tho  cooling  jochet  at  a  naxiinmn  volocity  of  An/soc 
( width  of  annulus  and  rosa  in  tomporaturc  60°C  with  a 
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pressure  drcp  of  1  .5  atmosphoros,  At  arrival  in  tho  combustion 
c*  nuoor  hoad  ootli  fluids  wo re  spraycd  inte  tho  chambcrs  by  rncans 
:i‘  arrangu*n.i':  slicwn  on  Brewing  Ko.  mäc  by  Dr.  Pa  ln.  By 
H  ;  'nr;ü..Lut  a  uuartcr  of  tho  hole 3  wo  re  devote d  to  jets  of 
lucl  r-nü  acid  spraying  against  cach  other  for  ignition  purposos, 
wnile  the  rci/iaining  75/j  of  the  holos  worb  arrangod  in  pe irö ,  fuol 
against  fuol,  and  acid. against  acid- to  promoto  atonisotion.  The 
nro33u.ro  drop  ln  the  fuol  Jets  wes  2  atmospbcrcs  and  in  the  acid  Jots 
3  a tr.iospln.  ro s ,  The  cembust  ion  Chamber  ha‘d  a  capacity  of  75  litros 
r'nd  a  vonturi  throat  of  1 92n»n.  The  L*  was  theroforc  IfO"  »  The 
dusigned  eoribuqt ion  charribc r  pressure  was  20  atmosphoros  (absolute) 

«ith  a  theorctical  temperaturo  of  2800° C.  Tho  molucular  weight 

of  tho  gas  co.nplex.  in  tho  conbustion  ch&mbcr  was  about  26,  tho 
^oojiDpb  tcirporr  oure  aft^r  oxoansion  1600°C.  They  orjsuraod  that 
tho  gas  comp  lex  "froze"  ot  18Ö0°C,  Tho  combustion  chamber  was  rnadc  of 
1  .xIcl  steol.  The  re  .  is  no  surfaoo  cool  lieg. 

Tfith  rogard  to  igi.it ion  it  wa s  nonfcieiied  that  no  pair  of  fluids 
was  uscü  in  a  coribustion  chaiibo r  if  it  did  not  ignito  in  an.  open 
oup  test  v/it  hin  0.05~  0,1  sc  cs«  A  ehe  ei.  tust  was  done  in  on 
•  h/.osr.lv,  ro  of  n  Oregon.  Shortest  lyrition  time  ibr  ary  pair  cf  fluids  WsOlIJssc; 

*  finge  and.  rinsE  ! 

Silo  general  dimonsions  of  the  so  can  be  obtainc'd  from  tho 
.'\nd  Tunnels  st  ICoehol,  but  verbal  inf örmation  was  obtainöd  as  sot 
cyt  Äilow, 

Bng«  Dahm  gavo  tho  span  of  tho  wings  as  ln. 60  and  tho  length 
of  tho  wings  Ira.  Ho  state  d  thoro  wäre  no  Jet  ruddors ,  soying  that 
tho  so  cut  down  tho  purf orninco ,  Ho  confirmcd  that  tho  stocring 
ruddors  oxtondod  boyond  tho  span  of  tho  wings. 

Eng,  Hollobrand  'drov/  ■©  -Sketch  of  the  Wassorf al ,  in  which  tho 
■nngs  aro  dirronsionod  as  spen  1.08m.,  chord  et  tho  body  1.7m,  chord 
at  tho  tip  ,06n.  noction  bx-convox.  Stuoring  ruddors  COon  x  30cm, 

Eng,  Hcllobrand  sa id  that  gas  ruddors  woro  usod. 

5.  dc-noral, 

The  Uassorfal  was  laursehed  vortically,  Ono  onginoor  seid  that 
thoro  wo  re  no  gas  ruddors,  but  Dr,Ho3.1or  confirmcd  that  thoro  wu  ro . 

Tt  vnp 3  poasiblo  that  thoso  v/oro  rnado  out  of  00k, 
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I>r.  Schilling  and  Koller  v/oro  intorrogatod  ro garding  tho 
tir.iüs  of  arrivsl  of  the  fluids.  Ono  witness  said  tno  f uo  1  arnvod 
first  he ca uso  of  tho  short c r  path,  hut  another  said  tho  acid 
orrivod  fir^t.  Bi  Schilling  said  that  for  tho  small  rockots  tho' 
tinto  of  arrival  is'not  very  important,  hut.  for  tho  largo  rockots 
the  nitric  should  arrivo  first.  Tho rc  is  a  double  dangor  if 
oither  liquid-,  is  allowod  to  pccumulato  ho  causa  an  accumlation 
of  fuol  may  off  süddönly,  v/hilo  an  accumulation  of  acid  may 
nitro  to  tho  füdi  oh  arrival  and  form  an  oxplos  ivo  conpound, 

Tho  accuracy  of'ftho  mp  toi  hurstor  diaphragns  is  uncortain 
ond  thoro  may  ho  a' Variation  of  as  rauch  as  1  soc  in  tho  timing  of 
the  hurstorsl  Dr.  liellör  said  that  from  tho  time  yji  f  iro  tho 
firing  valvo  to-  öbtain  ignition  was  ahout  5  so  cs*,  v/hilo  from  tho 
ignition  timo  to  full  thrust  v/ould  ho  ahout  4  soes. 

10.  ToSting 

Instruments  ond  valvps  wo  rc  töstod  for  their  hohaviour  ovor 
onc  yoars  storago  hy  kcoping  thom  for  24  hours  in  a  BIER-DuVlS 
honib  filled  v/ith  oxygon  at  25  atLiosphoros  (gaugo)*  This  English 
apparatuö  was  repüted  to  givo  the  cquivalont  in  24  hours  of  ono 
yoars  lifo  in  storago.  (EIC-.PASTY4.) 

The  VTassorfal  was  tostod  statically  hy  mounting  it  vort icolly 
in  a  parollologram,  so  that  it  v/as  froo  to  movo  against  a  rigidly 
hold  MESS-BIEG-EL.  This  consistod  of  an  ov^l  stool  ring.  Tho 
minor  axiß  contractod  whon  suhjcctod  to  the  thrust  of  tho  rocket 
Tho  dimonsions  of  an' air  gap  weyfi  thorchy  alterod,  modifying  tho 
induction  in  a  coil  mountod  around  tho  har  vrhich  forme d  tho  minor 
axis  of  tho  oval  ring.  This  dovico.  w&ö  oporatod  at  500  cyclo o, 
gavo  o  dofloction  of  -gram  for  a  thnlst  of  G  tonnos  and  was  reputod 
to  rogistor  tho  thrust  to  an  accuracy  of  L  1  to  2 fom 

Most  of  the  instrumenta  U3ad  for  testing  thü  T/asserfal  werc 
tho  sarao  as  for  ^.4,  hut  snocial  Instruments  had  to  ho  mado  for  uso  in 
acid.  (EWG.  SCIIULLER) 

Tho  IThssorfal  was  firod  from  a  mohilo  circular  platform  carricd 
on  .four  v/houls  and  pullod  hy  tractor.  Eng.  Tutz  saw  a  tost  firing  of 
tho  Wasoerfal  and  said  that  tho  combu3t'iQu  was  rat  her  spaauodic* 

*Xt  is  difficult  to  heliove  that  such  a  lang  tih«  cauld  ho 
tole-ratod  for  an  anti-aircraft  wonpon  and  it  is  possihle  that  tho 
truu  time  is  0.5  socs.  The  exhaust  gases  wero  a  yoddi.sh.~yo ilow 
colcur.  It  nv/ayud  s light  ly  as  it  went  up. 
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This  bx-liquid  rocket  v/as  reputed  to>  bo  firod  in  groups  qf  65 
fron  a  launching  mach  ine  knov/n  as  the  Dob  gerat  named  aftor 
General  Dornberger  the  Inventar,  Y/ar  he  ad  50Qgawith  contact  fuoo  , 
ränge  1215a  (ean  bc-  -vortioal)  ,  moximum  vclocity  1 200iry/3c  c ,  The 
projectilc  is  app r or irr© t e ly  2,1m  long  and  10cm  in  dionntor*  Tho 
great er  part-  xs  takon  up  with  the  fuol  tahks  v/hich  contain  Vizoi 
and  acid,  The  acid  is  housod  in  a  contral  alurninitaum  tank,.  capacity 
approximatoly  6  1  ft  res  #  v/hilc  tho  Visol  is  containcd  in  the  annula 
spaco  betv/eon  the-  ouisido  tank  and  the  Shell  of  tho  skin,  This 
has  a  capacity  of  approximate ly  2,75  litros,  As  the  grayity  of  tho 
acid  is  1,59  tho  tank  v/hon  full  v/ould  hold  9 »4-kg ,  v/hile  the  fucl  tank, 
ossumxng  a  gravitv  of  0,91,  v/ould  hold  2,5kg.  The  wsllsof  both  tanlcs 
vAiro  loa  thiclc.  The  acid  tank  is  supporied  in  the  rocket  Shell 
by  ,fv70  alumininsui.i  end  plate/a  boltcd  to  its  end  f langes,  The  so  ond 

plates  aro  pc rf oroto.d  so  as  to  connect  the  fuol  tanks  at  the  upper 
ond  to  uiie  Cartridge  pot  and  at  tho  lower  ond  to  the  liquid  spraye, 

It  is  probable  that  at  both  ends  a  rui>turixig  diaphragm  of  aluminimum 
covers  the  hclos  in  tho  two  eiid  platos, 

Bohind  a  solid  stocl  noso  tfcoro  iß  a  hollow  ehsmber  for  tho 
500g m  o  t  explosive,  the  fusc  and  the  igniting  de  vice  for  the  cartridgo 
viiich,  v/hen  burning,  provides  the  gas  to  cxpel  the  liquids, 

The  ccribustion  ohambor  and  venturi  are  riado  cf  mild  stcol 
nostly  1  o:i  thick,  but  the  thickness  increa3cs  at  the  venturi  throet 
to  2tt  to  3  Bä«  At  the  end  of  2  socs  Operation,  tho  temperet  uro  of 
tho  venturi  roachod  300  to  400° G.  Tliey  could  uac  p  venturi 

expo rimontal3y  for  5  runs  ?  aftor  ifliich  it  had  to  bo  renowed,  Tho 
sprayer  v/as  not  found,  but  it  v/as  dnscribed  as  boing  in  threo  p&rts  and 
to  resenibje  the  rose  fron  a  water ing  can,  (läNG  SIEFEET ) 

It  was  reportod  that  in  the  early  stagos  of  development  tlrcy 
had  repevted  troüblo  duc  to  tho  venturi  burning,  (ENG.  FINZEL) 

The  da  sign  of  the  stab  111  sing  fins  v/as  modifiod  sovcral  timos,  Thoy 
had  tried  fins  of  different  longths  (3NG-.  SIEFEST) 

Total  fuol  content  is  possibly  about  12Kg  or ,  if  ono  ellov/s 
a  10/a  uilage  spaco  to  provont  bursting  of  the  üiaphregms  in  storago , 
the  V/orkoblc  fuol  v/ould  bo  11kg,  As  tho  firing  lastod  betvoon  two 
and  thrco  socs  the  nass  fl  ca;  cf  fuels  must  havo  beon  betv/eon  3«7 
and  AeAKg/soc.  The  thr ist  is  dcscribod  as  boing  betvvuen  600  and 
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1000kg«,  U Alu ss  the  de  sign  of*  the  Jots  and  jot  plato  addod 

Bpprcciabiy  to  tlio  volimio  of  tho  comhustion  chambe r  f  the  ]/'  with 
n  thro&t  of  45mm  dia  is  vory  low,  boing  in  tho  ordur  of  27*. 
Prof#v«Braun  saxd  that  thoy  sacrificod  tho  combust  ijn  charnbor  to 
get  largor  fuol  taxiks  and  accoptcd  a  S.I.  as  low  as  1tk)ib/lh|/30c. 

Tho  ompty  woight  including  war  hood  and  cartridgo  would  bo  **bout  12kg, 
so  tho  proportion  of  liquida  oarried  would  bo  obout  0  J+S ;  1 ,  V'/ith 
such  a  small  curabust ion  chombor  oomploto  ro&ction  must  have  buon 
dif ficult ,  but  if  thoy  obtainod  a  S.I.  of  180  the  thrusl  would  bo 
somowfooro  botwoon  660  and  800  kg*  Ment  ion  was  mado  of  an  'ikecoioratiian 

of  6üg ,  but  this  must  havo  boon  at  tho  momont  of  "all  burnt*  .  Tho 
Start ing  accolorotion  possibly  did  not  exceod  35g« 

Tosting 

V/hon  testing  a  Taifun  on  a  ata t io  tost  bo&,  thoy  ofton  usod 
nitro  gen  for  oxpulsion.  Tho  thrust;  was  racasurcd  by  iydrauli.0  piston. 
The  io  was  no  c  vidonco  that  tho  Taifun  has  passe d  hoyond  tho 
experimental  st agp ,  (  DJR  .SChllllhG  ) 


B.M.W, 


x  visite d  tho  works  of  the  Bayericho  'Machine  Werkes  near 
Munich  with  Lt.Ozol,  Sqd/L.  E.J.A JConny #  Xr.H.AfcLoibhafsky  (ü.S. 

Ordnanq©,  and  G.E.  Go*)  On  tho  way  wo  pickod  up  Dr.Hernmorsoth  tho 
Gfeio f  Chemist ,  In  this  faotory  thoy  concentrated  th&ir  rescarch 
on  tho  uso  of  hitric  seid  ©nd  mixed  acids  ©s  tho  oxidant*  Thoy 
usg&  hydraaino  ©nd  a  nuniber  of  amines  as  the  fuel.  Tho-  acid  tos 
kncTm  as  Salbox  and  the  fudl  ©s  Torika,  3Dr »Komme rsath-  ps^Ld  that  thoy 

had  tried  6,000  ccmbinaticns  of  acid  and  fuels .. 

We  inspocted  12  pairs  of  conbustion  tost  chanibers  oqch  pair  having  6 
eontrol  room»  Each  tost  chombor  had  t wo  oxplosion  proof  .Windows, 

These  Windows  consistod  of  two  panes  of  submarine  glass  oach  tOora,  thiok. 
Eech  psne  tos  mdö  of  layers  of  glrss  placed  alternative  ly  at  »ight 
angln  s  to  oach  othor  so  as  tc  avoid  aistort  ion*  Tho  two  panes  wo  re 
abdut  12"  apart 9  the  jjiter-space  being  oleotrically  heatod  and 
obtreaurnng  a  diying  agpnt*  T h&  toIIs  of  the  tost  chambers  woro 

reinforced  concreto  -J  feet  thiok*  The  inspection  Windows  du  ring  a 
tost  woro  covorcd  by  oxpandod  imtal  ocunte rwe ighto d  grills  which  woro 
lowcrod  xnto  placo*  The  chainbcr  tos  lit  by  f cur  f loodlamps ,  one  in 
oach  cornor  protootod  by  aotal  grills*  Tho-  objeot  of  tho  irotal 
grills  in  front  of  ine  Windows  was  not  to  protect  tho  obsorvor ,  but  to 
feop  the-  glass  of  tho  Windows  frora  boing  damage d  by  flying  fragmonts* 

In  all  their  work  on  liquid  roaotion  cheribors  thoy  havo  had  many 
orplosions,  but  havo  cnly  hau  one  oasualty  and  that  appsrontly  was  dixj 
to  bis  asm  fault* 

Tho  okhaost  önd  of  oach  chamfccr  tos  opon  to  etraosphore ,  but  about 
30  feet  0 w&y  fron  the  tost  dJrombors  and  parallel  to  them  was  a  largo 
bz*ick  fluo,  at  oao  ond  of  which  tho  rc  tos  a  squaro  briok  staok  with  a 
oa-r^rossod  air  in,jector  *  A  mobile  -toiosoapic  pylindrical  fluo  oould 
bö'-whoolod  into  placo  ogposito  tho  opon  ond  of  a  tost  chenibor,  so  thet 
tho  producta  of  the  ro.ootion  oould  be  led  into  the  briok  fluo  and 
honooito  tho  stack*  In  tho  tost  qhanifaars  wero  thrust  motors  oarzying 
cradJjüs, and  thrust  raoasuring  -goor  of  verlud  types  and  siaos  according 
to  tho  kiad  of  thrust  niotor  to  be  teetod,  Thor©  woro  small  or alles 
fot*  thö  double  ooil  X*548*  V/hon  teste  d  tho  so  had  a  m©3s  flow  of 
2  litros  of  fuel  plus  8  litgos  of  acid  in  a  fiping  time  of  20  to  22  soos* 

Tlio  average  rat  io  of  ori&wstto  fuel  was  5*1  and  tho  nooe  flow  about  O.QKg&o. 
Tho  liquid  fuels  vö re  oxpollod  by  nitrogon  pressure  at  40  otmospheros  ond 
tho-  oa.*uctit»n  charibor  trortod  at  55  ntaoophoroa*  Dr.Hoi:mTürsath  said 
that  tho  iif-itiloo  tos  1 ,00Qk/tonno/soc  and- also  twntionad  1200  to  1400 
k/to^%j/üQC4  It  iß  difficult  to  colloto  tho  sc-  figuros  w^ith  othor 
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knovvn  fiß thods  öf  spooifying  tho  impulso,  Dr.  von  Braun  at 
Peenomunde  oould  hot  linderst  and  thom,  but  suggestod  that  tjiey 
night  reprosont  tho  area  of  a  thmst-t imo  curvo,  If  tho  nass  flow  * 
was  0*8k/secB  and  tho  spo'oifio  Impulse  löOlb/lb/soc« ,  the  thrust  would 
bo  144Kg,  which ,  oycr  21  secs. ,  would  givo  3000k/secs»  It  is  possiblc 
that  in  the  sc  figuros  tho  re  is  somo ,  factor  concorning  tho  all  up  weight 
~>f  tho  appliance,  A  similar  curiöus  figuro  was  given  for  tho  largo r 
rnodol,  tho  X.358,  för  which  Br *Houiser sath  doscribod  tho  impulso  as 
boing  10,000  to  14,000  k/tonnß/sccr 

Br*  Hommorsoth  saiö  that  not  oll  tho  pairs  of  fluids  usod  vrore 
"hypergol’*  f  that  is  auto-lgnjting  tnth  o&ch  ofchcr,  in  which  oosc  thoy 
usod  independent  raosns  to  initiatd'  Ignition,  Tho  so  aro 

o)  Pirövork  (jpbwdsr) , 

b)  ,]|lectrio  sparte. 

Q)  A-pair  of  fluids  which  reacted  whon  brought  into 
contaot* 

In  this  Station  besidos  tosting  X.548  and  X.558  they  ran  tho 
thrust  notors  for  tho  Mo, 1 63  on  aoid  and  Tonka  and  thoro  is  soma 
ovidonpo  that  thoy  also  ran  A*4  conbustion  chambers,  Ifasserfal  and 
Enzian  roaction  chambers  on  those  fuols. 

Thoro  was  a  largo  tost  chambcr  for  tho  calibrat ion  of  acid  and 
fuol  Jots«  Thoro  was  also  faoilities  for  tosting  thrust  notors 
in  any;  ohanbcr  from  contra  1  tahks  supported  on  accureto  wo  ighing 
machino , 

Each  oontrol  Chamber  had  two  ■.  c.omple  to  sots  of  Instruments  and 
control  gear ,  ono  for  oaoh  tost  Chamber B  The  ohief  Instrument 

was  that  which  rooordod  tho  thrust  (as  moasurod  by  hydrsulio  thrust 
piston)  arid  tho  pressuro  in-tho  conbustion  ohanibor,  The  control 
ahantoor  also  conteinod  a  grast  amount  of  elootrical  goar  and  indicators, 
so  that  continuity- tosts  could  bo  easiHy  oarriod  out  on  units  beforo 
firing*  in  tho  control  ohambors  wo  re  also  tho*  high  prossuro  bottloe 
and  control  goar  for  prossurising  liquid  vossols  in  tho  rocket  units* 
Towards  tho  ond  of  tho  tost  chambors  was  a  largo  chambcr  in  ®hiä(h 
sphoriosl  stainless  stool  or  sluminirrrum  tanks  about  12-14  fcot  in 
diamotor.  The  so  woro  suspondod  frou  tho  roof .  Thoro  was  also 

olsowhore  nobile  tonka  for  tronaperting  nitrio  aoid  ond  Jfe02. 
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1  wo 3  ^iven  to  understand  tha t '  tbiö-.-fr-Gtory ,  which  also  rnakes 
Turbo  Jet  Ariern  ft  engincs  hndbeen  alre  n  dy.  .covc  re  d  by  a  C.A.F.T. 
tonn  and  by  an  Investigation  team,  but  "if  this  is  not  thö  caso  , 

I  consicLor  it  rrould  be  a  first  dass  targot  whioh  should  bo 
theroughly  oxeraine d»  This  oxaminotion  will  bo  holped  if 

-ßr  •Hpraiarsath  and  the  other  principai  r.ioiibers  of  tho  research  team, 
r/hon  arc  apparently  dispersod,  erc  brought  togethor  and  inducod  to 
part  vrith  the  rolovnnt  Information. 

whilo  interrogating  tho  poononfindo  staff  wq.XouikL  an  Bnginoor 
Johann  T&t z  who  had  wrorked  in  1940  to  1942  at  tho  B.M.Y/.  ,  Berlin. 

Thero  ho  was  ebneemed  with  tho  de  sign  of  the  fbliowing  rocket  woa jiflESs» 

(«*}  4..T.0.  Units  Methyl  elcohol  plus  nitric  acid'^self- 

Xighting).  Thrust  1  tonne  for  30  soos, 
Liquida  oxpe llod  by  gas  pressure  fron  a 
conbustion  choMber*  After  uso  tho  units 
vroro  droppod  in  with  a  parächute ,  läng. 

Tut  ss  could  not  soy  v/hether  tho  so  units  vvoro 
ustod  cperatiorially» 

(h)  *  (rüde  Brüiih  Xhis  was  tho  same  as  the  H202raotor  for 

HS »293,  Hut  used  seid  and  fuel. 

(o)  Rocke ts  Thcy  werc  plarming  to  build  rocke fs  using  acid 

and.  fuel  as  the  propellent. 
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SUKm  OF  DK/IILOH'iI!NY  Ol  LIQUID  HOCISTS  IP  GEHL'JQ;  ' 

AND  THCIR  FUTUHB  gROSPEOTS 

by  Prof.  W«  von  Broun. 


Wo  consider  tho  A  .4  stratosphcric  rocket  developud  by  us  (known 
to  tho  public  ss  V-2)  es.  an  interaedios  te  solution  conditioned  by  this 
wsr,  &  solution  mich  still  has  corte in  inherent  short  comings ,  and 
which  comparos  with  the  futuro  possibilities  of  -che  srt  ab  out  in  tho 
sbdq  way  ss  s  bonbor  plano  of  tho  last  war  comp a ros  with  e  oodem 
bedbor  or  largo  passengor  plane. 

Wo  are  convincod  that  a  complctc  maste ry  of  tho  srt  of  rookets 
will  changc  condit  ions  in  the  world  in  mich ’t  ha  sann  Wy  as  dia  tho 
maste ry  of  aoronautics  and  that  this  enango  will&ppüy  both  to  tho 
oivilian  and  tho  militsry  ospccts  oi  their  uso .  V/o  loiow  on  the 
othor  hand  from  our  past  cxporienco  that  a  comp lote  maste ry  of  tho 
art  is  only  possible  if  large  surf®,  pf  moncy  aru  expendod  on  its 
dovo  lopmont  and  that  sotb|cks  and  ässorificos  will  ocour,  such  as  wes 
in  tho  csso  in  tho  development  of  siröraft . 

.  A  fow  private  groups  of  invontörs  atartod  scrious  work^on  liquid 
rockot  development  in  Gormeny  in  tho  yoars  1929-1 930. *  One  of  those 
groups,  called  "Rookot  Flying  Fio Id  Berlin"  ,  looatod  at  Borlin- 
Rcinockondorf ,  had  Prof.  Dr.  von  Broun  as  a  studont  emong  its  mojnbors . 
Simple  fundanuntal  tosts  with  rockot  cambustion  chambers  were  c&rriod 
out  thoro ,  and  small  uncontrollod  liquid  rookots  were  firod,  whioh 
roaohed  hoights  up  to  1  ,000  moters,  and  landod  by  me  ans  of  &  paraohuto. 
At  tho  ond  of  1932  the  work  of  those  groups  woro  slowod  down  by  leck 
of  ossh,  but  tho  Am^y  Y/b  opons  Department  was  int ero stad  in  oarrying 
on  the  work,  and  töok  ovor  tho  Services  first  of  Prof,  von  Braun,  and 
later  of  rnost  of  the  othor  enginoors. 

This  special  division  of  the  Aririy  V/oapons  Bopertmu nt  was  put 
undtar  tho  diroction  of  Dr.Xng,  h.o.  DORNBERGL'R,  and  t hc  first  rocke ts 
devoloxood  by  thon  woro  dusignod  3ole]ly  for  oxporimontal  purpose s ,  and 
woro  of  no  milite ry  value.  In  1934,  liquid  rocke  ts  of  tho  "A-2"  typo 
vraro  succossfully  triad  out.  Thoy  had  o  thrust  of  300kg.,  woro 
directly  sfeabilizod  by  moans  of  a  largo  gyro ,  and  rcoohod  o  hoight  of 
approximrtaty  2,000  iiotars»  In  1930  tho  first  trials  wäre  osrried 
out  with  liquid  roOkets  of  tho.  "A»3,!  nnd.A-9"  types,  whioh  wäre  fittod 
with  on  automatic  control  System  and  rudders  in  tho  gas  stream.  Thoso 
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rockots  reachod  a  hoight  cf  1  2km  whon  firod  vcrtioelly ,  and  hfld  a 
rango  bf  1  8km  whon  firod  nt  an  -anglo.  Thoy  could  land  in  both 
ca  sos  by  moans  of  x>orachutcs , .  and  *bo  usod  again. 

In  viow  of  tho-  succossful  rcsults  aohiovad  with  liquid  rockots, 
it  was  docidod  in  1936  to  boyin  vrith  tho  construction  of  a  largo 
cxpGrir.Tcntal  sastahlishuunt  for  rockot  dovolopmont  nt  Pocnomündo  on 
tho  Baltic«,  It  was  alroady  rocognr&Gd  nt  thnt  timo  thnt  tho  ■ 
development  of  rookot  showod  grünt  prooiso*’  in  tho  fiold  of  noronoutios 
ns  wall  ns  in  thnt  of  artillery.,  and.  it  was  thoroforo  dccidcd  to  build 
two  separate  ostabliahiionts  nt  PGonenundo ,  ono  for  thö  Ar ny  ond  ono 
for  tho  _Vir  Form  ,  which  nrc  tv/ö  dis t inet  branchos  of  tho  "V/ohrmooht" 
in  Gerrnany.  At  Peenoriindo-Ost  ,  compr chons ivo  tost  bods  and  work-shpp 
fncilitios  v^rc  set  up  for  tho '  construction  and  testirig  of  rockot 
drivos  and  Controls,  whilst  ot  Po enodundo -XIo st  on  airfiold  was  built 
for  testing  rockot  aircraft,  and  pilot loss  rocket  propellod  aircroft, 
as  vroll  as  avcciliary  drivos  for  Standard  aircraft,  such  as  rockot 
assisjjod  tako  off  davicos.  Tho  oost  of  construction  of  tho  complotc 
instrllation  at  Peenpnundo  tota-Hod  approxbiiata ly  300,000,000  Marks 
aftcr  complotion«  This  closo  prgximity  of  tho  rockot  dovolopmont 
work  to  tho  aorcffsaütioal  dovolqpirnni  side  is  ono  of  tho  principal 
reasons  for  tho  succoss  of  tho  work  -unoo  rin  ko  n  at  Pc  onoirümdo  e 


Tho  follöwing  eonsi&erntions  wero  dccisivc  in  tho  choioc  of 
PconenaLndo  ,  and  tho  so  considorotions  will  always  ho  important  whon 
choosiny  a  sitc  for  rockot  dovolopmont  work. 

a)  Sccludod. position s  far  avry  fror*  largo  towns  (Safoty 
during  launehing,  misanoc  causod.  by  noiso  of  largo  tost 
bods) * 

b)  Favourablc  wert  her  conditions  (during  firing  and  flight 
trials.  of  rocket  and  rockot  eiroraft  bluo  skios  aro  always 
dosirablo)« 

c)  Reasonsbly  satisfactory  comrnunior t ions .  The  dovolqpment 
work  nccc ss itatc s  constnnt  closo  ccntaot  botwoon 
dovolopmont  enginoors  and  oortain  branohos  of  industry. 

Tho  succossful  cisporimontal  rockot  MA-5"  ,  proviously  montionod 
had  a  thrust  of  1500kg  lasting  45  so conds»  Basing  on  tho  rcsults 

obtainod  v/ith  tho  rookot ,  tho  ordor  was  givon  to  dovolop  a  lang 
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öistanoe  rookot  with  a  ränge  of  25Ökrn,,  ©s  high  an  acouraoy  as 
poasible ,  and  ©  warhaad  woighing  1 #00Qkg,  Thia  rookot,  known  ae 
"A.A"  ,  was  first  leunchod  succeasfuily  in  Qotober  1%2»  The 
"A.4”  has  ©  thrust  of  25  tons,  for  conibustion  period  of  63  so  conds 
max*  1t  is  fired  verticelly  from  o  firing  toblo,  without  guidos  of 
©ny  sort ,  ©s  was  the  case  with'*  all  tho  previous  rocke ts,  Tho 
steoring  of  tbo  rocket  to  an  inclänod  position  is  offoctod  hy  nie  ans 
of  ©  "programmo"  apparatus.  Tho  lateral  dir ootion  .is  determinod  by 
tho  oxaot  qotthng  of  a  turn*tablo  on  tho  firing  table,  Tho  oxact 
^ango  is  dotcrrnined  byshutting  off  tho  propulsion  unit  upon  roaohing 
a  proviously  caloulated  spoed, 

Tho  dnvo lqpraent  of  tho  “A.V*  roguirod  a  great  nmaber  of  prol?Biinaiy 
sciontific  invostigations ,  tho  most  important  of  which  are  briofly 
outline  d  bo  low : 

«.)  Wind  tunnol  tosts  at  all  rangos  of  a ir  spoods  bctwoon  •  and 
1500  iriotors  por  socond,  Düring  thcao  toste,  such  factors 
as  the  stability  of  the  rockot,  tbo  dxstribution  of  the  öü* 
pressure,  tho  working  of  tho  ruddors  and  sovaral  iaovos wero 
invostigatod,  apart  from  tho  drag  moasuroments,  both  with 
and  without  oxhaust  gas  stream.  Both. tho  suporsonic  wilid 

tunnol  and.  tho  moasuring  rfuthods  ,had  tö  bq  dpvelopod  ovur  e 
XXiriod  öf  yoars  of  hard  work* 

b)  Tost  bod  invostigatiohs  on  tho  combustion  ohambo r  of  tho 
röoket,  and  on  tho  corrplo to  propulsion  unit.  This.too: 
nooossitatod  tho  dovälopmont  of  appropriato  tost  beds  and 
moasuring  irethods. 

o)  Investigations  oonneotod  with  tho  steoring  of  tho  rockot  at 
all  rangos  of  airspoods  qqvp'rod  by  tho  rockot«  Por  this 
purposo ,  a  special  toohniquo  of  modols,  roproducing 
tho  attitudo  of  the  rocket  in  f light,  was  dcvelqpcd* 

d)  Dovolopment  of  moasuring  mothods  for  plotting  tho  ooropjLete 
f light  path  of  tho  rockot, 

o)  Investigation  connootod  with  the  influonco  of  the  oxhaust 
gas  stroain  on  tho  - wiroless  comdimicot  ion  botwoon  rookot  aüd 
ground,  eto. 
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In  viciv^of  tbc  increasing  strength  of  the  numbers  of  f light 
aircraft  in  England ,  and  the  rcsulting  increasod  lossos  of  bombors 
qporating  against  England,  ordors  were  givcn  at  the  end  of  1942  to 
produce  the  locket  in  quant.it io s »  The  accuracy  of  ahn  was 

still  vimi'Z isf actory  ’  and  limited  the  use  of  the  rocket  to.  large  aroa 
tafgets,  foremost  of  Wich  was 'London.  Nevertholess ,  somo  60  to 
65,000  drawihg  modificotions  wo  re  roquirod  before  the  first  experimental 
HA,4"  rockst  .bccame  a  real  seriös  .production  job,  This  indicatos  how 
io&spr  absolute  ly  new  prob  lo  ms  iarpse ’.'during ‘-the  trials  of  tho  "  A  .4”  , 

.Wich  was  subjöctod  to  hither.  unknown  phys.ical  conditions, 

Moaiwhilo  thc  dcvelopinönt  si&e  was  attornpting  to  improve  the 
accuracy  of.  aim  of  tho  rooket*  To  this  end,  radio  guido  boam  dovicos 
■»cre  dcvelopod  to  iraprovo  thc  latoral  direct ion,  and  itproved  propulsion 
mit  out  off  dovices  to  rcduco  the  disporsion  in  rengo.  These 
iH^rovements  howevur  woro  inoerporatod  cpc ra t  iona ’lly  on  a  small  soalo 
on3y,  and  wc ro  in  use  chiofly  in  tho  attack  on  thc  harbour  at  Antworp. 

Tho  original  ob  jo  ct  ivo  ,pf  furthor  development  was  to  produoo 
long  distaheo  ropkots  crS  greater  ränge  ,  It  should  bq  notod  haro  that 
tho  maxißurn  ränge  p  up  to  480km,  wo  re  achiovod' thanks  to  oortain 
improvoments \9  which  howovqr  nevor  camo  into  operational  uso. 

Oortain  L «4  rookots  woro  used  to  carry  out  vortical  tra joctory 
trials ,  and  a.  mapcimum  ooiiing  of'172  Ion  was  roaohod  during  thoso 

trials, 

It  was  plannod  in  tho  spring  of  1945  tp  fi.ro  vortically  from 
an  Island  situated  noa-r  PconcründQ  a  fow  A«4  rookots  oquippod  with 
special*  Instruments  'för  resoaroh 'into  thc  top  layor  of  tho  atmosphoro.. 
Tho  measiiring  instrumenta  woro  put  in  o  watertight  donteihor  Aapablo 
of  f loa ting,.  which  was-  to  havo  .  ctasoen&od  by  parochutc.  This  projoot, 
all  proparat ions  for  which  woro  coraplotod,  could  not  bo  carriod  out 
on  account  of  railitaiy'  ovonts«,  It  could  bo  dono  in  a  ahort  timo 
homvov,  with.-  sorne  of  thd  A.4  rookots  still  'ln  hand, 

.Tho  problom  of  increasing  tho  ränge  of  tho  A.4.  efter  oomplotion 
of  the  A.4  4ovcloprnont  prograrnmo  could  only  bo  carriod  on.  at  a  groetly 
roducod  rato  ,  as  tho  development  of  a  guidod  antl-oiroraft  rookot  was 
given  first  priobity  and  absorbod  muoh  of  iho  porsonnol,  in  oonocquonoo 
of  tho  increasing  air  suporiority  of  tho  Allios,  A  rocket  for  this 
purpose  was  dovolopod  at  poonomündo ,  boaring  tho  oode  namo  ,,Wns3orfol,,  , 
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This  rocket  was  also  propüllöd  by  liquid  fuol,  and  could  'bc  guidod 
by  rodio  frorn  tho  ground  on  tö  flying  torgots'.  Various  ouecosSful 
tests  woro  oarried  out,  but  sorics  production  of  tha  woax->on  was  not 
achievQd. 

A  für t hör  dovolopmont  of  tho  "A.V  Xong  distmoo  rocket  is  tho 
on  vfhich  work  was  dons  as  far  es  tho  jpriority  work  on  "Wasscrf^!" 
would  rllow.  Tho  propulsion  unit  wes  tho  somo  as  for  A.4-#  Tho  A.9* 
rockot  hewovor  hod  wings ,  whioh  cnablcd  it  to  glido  through  tho 
stratosphero.  This  onablos  tho  f light  poth  to  bo  inoroasod  tö  such 
an  oxtont  that  tho  rango  of  tho  A.9  was  ncorly  doüblo  that  of  thö  AA, 
v.o.  approx.  600krn. ,  notwithstanding  tho  fect  that  tho  fuol  consuraption 
of  tho  A.9  was  no  groator  than  that  of  tho.A.4  owing  development 
oould  not  bo  oorrplotod  on  acoount  cf  tho  ond  of  tho  war.  Spooiol 
oontrol  dovicos  would  havo  givon  tho  A9  at  loast  tho  sonio  accuracy 
as  tho  A.4«  It  was  proposod  that^tho  wcapon  should  go  into  a 
vort  ical  divo  at  ttyo  ond  of  tho  glido ,  similar  to  that  of  tho  V„1. 

As  a  für  tho  r  dovölopment,  it  was  intondod  to  de  sign  tho  A.9 
wingod  rockot  to  carry  a  orow.  For  that  purpose  tho  rockot  was  to 
bo  oquippod  with  a  rotreoting  undoroarriago  ,  a  prossuriaed  cabih  for 
thö  pilot,  manualüy  operatod  stcoring  gcar  fer  uso  v/hon  landing,  and 
spocial  aorodynamio  aids  to  landing.  Tho  landing  spood  of  this 
pilotod  A.9  rockot  would  havo  boon  as  low.  as  160km  per  hour,  as  it 
would  hayo  oontaxnod  vory  litt  In  fuol  on  landing,  and  would 
Qcnso quqht  lyhavo  boon  light.  This  pilotod  A.9  rockst  would  aover 
a  distanoo  of  600km  in  approx.  1 7  minutos. 

Tho  rango  of  tho  A.9,  both  in  tho  pilotod  and  tho  püotlnss 
versions ,  oould  bq  inoroasod  oonsidorably  if  tho  propulsion.  unit  wäre 
switched  on  only  after  tho  rookot  had  attainod  a  oortain  initial  volooity 
Thore  woro  two.possiblo  ways  of  aohioving  this  ond* 

1)  Uso  of  a  long  catapult  with  only  a  slight  gradiont ,  whioh 

would  havo  givon  tho  rooknt  an  initial  volooity  of  aporoox. 
350jt/s°o*  Thore  was  oxporionco  of  this  typo  of  oaiapult 
tö  hand  at  Poonon^ndot  as  such  a  ootcpult  dovolcpod  by  an 
industrial  fim  for  launching  tho  V.1 ,  was  triod  out  at 
Poononundo  %  Ea^porionoo  showod  that  oatapults  oould  bo 
built  for  launohing  at  super  sonio  spood.  Tho  so  high  speoda 

are  os  so  nt  dal  for  rookots  such  as  A.9,  booauso  tho  rockot 
is  oomplotoly  fillod  with  fuol  at  tho  start  ond  would  not 
fly  if  it  loft  tho  oatapult  at  lowor  spoods. 


2)  Development  of  c«  largo' 'XJssistod  tako  off  rocket  of 

200  tons  thrust,  on  which:  tho  *4,9  rockot  would  bo  mountod, 
and  which  v/ould  giyo  tho  ;lattor  an  initial  volocity  of  1200 
mcters  per- socond.  4ftor.thc  assistod  tako  off -rocket  ha 3 
exhausted  its  fuöl ,  tit>-  4.9-  would  becomo  soparated  fron  it, 
and  its  cwn  propulsion  unit; would  bo  switchcd  on».  Tho 
maxircum.  speed  of  tho  4.9  &t  thc  end  of  its  power  drivo  undor 
these  condition  would  be  approx«’  2000  mate-rs  per  gooond,  whioh 
wotild  jEM3an  that  this  oombinat'ion'  could  give  tho  4.9  a  rango 
of  anprox.  5ÖQ0  km.,  both  in  thc  pilotod  and  thc  pilöilöss  : 
vors Ions.  Tho  large  assistod  tako  off  .rockot ,  oallpd 
4.10,  was  to  be  equippod.  with  air  brakos  and  a  spociol 
porachute  i  Which  v/öuld  have  eneblcd  it  to  bo  dsod  again 
öfter  ali^rting  on  water. 

It  w^s  proposod  to  launoh  tho  49/410  combinntion 
vertically  this  obviating  thc  nccossity  cf  orooting  largo 
rpaound  Xaunehing  öotIcos. 

In  tho  £Joro  distant  futuro,  tho  davolopmcnt  of  liquid  rockots 
offer  in  our  äpinion  thc  follor/ing  possibilitios,  sornc  of  vhioh  oro 
of  trowondojis  sxgnif icanoo : 

1)  Development  of  long  ranga  cornnuroial  plano.s  and  lörig 
rango  bombors  for  ultra  high '  spoods.  Tho  f  light  duration 
of  &  fast  rocket-  eiroraf t  going  fron  Europo  to  America  would 
bo  approx.  40  mnutes*  It  would  ovun  bo  possiblo  to  büild 
vc  ry  long  rrnge  baiibGrs ,  which  would  tum  round  at  suporsonio 
spoods  in,  a  veiy  wicb  curvo  öfter  having  roloasod  thoir  borribs, 
and  rotuin,  in  andgXi&e  to  Xand  at  thoir  point  of  doparturo. 

Tho  higri  epeod  of  :  such  airoraft  would  rnako  dofenco  egainst  it 
inöffoctivo  with  pro3ont  day  mosns* 

2)  Construction  of  muXiistago  pilotod  rocke  ta ,  whioh  would 
mach  &  maximum  spoo&  of  oyor  7500  motors  por  sooend-  outsido 
tho  oarth*s  straosphore «  4t  such  spoods  tho  rockot  Would» 
not  re  tum  to  earth,  as  gravity  and  contrifugal  force-  would 
balenocoaoh  othor  out#  In  such  a  oaso  tho  rookat  would  fly 
along  a  gravitationäl  trajoctory,  without  ory  powsi;,  e round 
tha  osrthin  tho  samo  way  es  tho  raoon#  Acoordihg  to  tho 
distanco  of  thc  trajootory  fron  tho  oarth,  ,tho  rodket  would 
ccßsple to  ono  Circuit  around  tho  oarth  in  any  tirrio  botwoön 
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1  1/2  hoürä  and  sevorel  days«  The  whole  of  the  oarth's  surfaco  oould 
b©  ccnt'inuously  ob  so rved  from  such1©  rockst.  Tho  crow  could  bo*. 
oquipppd  vith  vory  powerful  telosoqpos,  and  bo  ab  lo  to  obscrvo  oven 
small  cti^eöis,  suoh  es  ship3,  iceborgs,  troup  rnovomonts,  constructional 
work  Qtc-,  Thoy  could  fclso  carry  out  physical  and  astronomical  roscarch 
on. problenis  whioh  oould.  only  bo  tocklod  et  that  altitudo,  duo  to  th3 
ob  so  reo  «f  tho  atmosphero ,  Tho  importanoc  of  such  an  "obsorvation 

ple  cforKi'*  in  tho  soinntific-,  ooonomic  and  militaiy  sphoros  is  obvious 
when  tho  orow  of  tho  rocket  want  to  roturn  to  certh,  eil  they  nood 
to  do  is  to  roduco  tho  spoo&  of  tho  rocket  slightly  ,  which  cen  bo  dono 
by  rocket  propulsion.  Tho  rockst  thon  entcrod  tho  upper  layors  of  tho 
etmosxshöro  terigGnticelly ,  and  its  speod  is  gradually  roducod  by 
friction.  Finally  it  con  land  likc  an  ordinery  aoroplano  by  moans 
of  wings  and  auxiliery  goar«  It  would  el3o  bo  possiblo  to  roliovo 
thö  brow  and  Provision  tho  "obsorvstion  pletfom"  by  ..wans  of  anothor 
rockst,  vdiich'  would  climb  up  to  the  pletfom  and  pull  up  bcsidc  it. 

3)  Instcad  of  hsving  o  rocket  set  up  an  "obsorvation  platform"  outsido 
tho  oartH^  it  would  bo  possible  later  on  to  build  a  Station  spccially 
f  or  tho  purposo ,  and  sond  tho  compononts  up  into  tho  intorstollor 
specos  by  moans  of  rockots,  to  bo  oroctod  thorc.  Tho  oroction  could 
bo  oasy,  as  tho  compononts  would  havo  no  weight  in  tho  atato  of  freo 
gravitation.  Tho  work  would  bo  dono  by  mon  who  woixld  float  in 
spoco-,  woaring  divers  suit,  and  who  could  novo  at  will  in  spaoe  by 
moans  of  small  rockot  propulsion  units ,  tho  nozzlos  of  which  thoy 
would  point  in  tho  roquirod  diroction. 

4)  According  to  a  proposal  by  tho  German  Sciontist  Prof  «öborth , 

an  obsorvation  Station  of  this  Typo  oould  bo  oquippod  with  an  onormous 
mirror ,  consisting  of  a  hugo  not  of  steöl  wiro  on  to  which  thin  motal 
foils  could  bo  suspohdod.  A  mirror  of  this  naturo  could  havo  o  dia- 
Kioto r  öf  many  kilomoters,  and  its  compcnont  facots  could  be  oontrollod 
by  tho  Station which  would  onablo  tho  hast  and  light  of  tho  sun  to  bo 
conoontratod  on.soloctod  points  of  tho  oarth's  surfaco .  This  would 
onablo  largo  towns  for  instonoo  to  get  sunli^it  during  tho  ovoning 
hours.  Tho  wosther,  too,  can  bo  influoncod  by  systonatio  oonoont rat ion 
of  tho  sim's  rays  on  to  oortain  rogions.  Rain  could  bo  induood  to 
fall  on  rogions  hitby  drought,  by  concontroting  tho  sun*s  rays  on 
to  distont  lakos  and  soas,  and  incroasing  thoir  ovaporation.  Tho 
olouda  tViUS  formod  oould  be  drivon  to  tho  roquirod  spot  by  inf luonoing 
the  co  nt  ros  of  low  and"  high  prossuxo  through  rodiation  from  othsr  faoots 
of  tho  mirror.  If  tho  mirror  is  mach  largo  onough,  and  it  oould  bo 
of  oactroroejy  li$ii  oonatruertion^  it  would  ovon  appoar  possiblo  to 
.  gonorato  doadly  dogreos  of  hßat  at  oortain  spots  of  tho  oarth's  aurfaoo» 
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5)  Y/hen  the  art  of  rockots  is  dovoloped  furthor,  it  will  bo 

possiblc  to  go  to  othor  plancts ,  first  of  all  tho  moon,  Tho 
scientific  inportance  of  such  trips  is  obvious*  In  this 
Connection,  v«c  soo  possibilitios  in  the  coivibinat ion  of  tho  vrark 
dono  eil  ovor  tho  vorld  in  connoction  with  tho  haraossing  of  atormo 
energy  togethor  vrith  tho  dovolopnront  of  rookct3,  tho  conso qyßnoa  of 
which  oannot  yet  ho  fully  pradiotod, 

To  concludo  ,  wo  think  öfter  what  hes  hoon  seid  ob  ovo  thot  o 
well  planmod  dovolppaont  of  the  ert  of  rockots  will  hovo  re volut ionary 
consoqiJönoQs  in  the  scientific  and  ailitoiy  sphoroa^  as  in  thot  of 
oivilisation  gerne  raliy,  rauch  in  tho  samo  way  es  the  dcvolopmont  of  aviatien 
hos  brought  ro volut iono ry  changos  in  thQ  last  5Q  yoors. 

&  prqphooy  ro garding  th?  dovolopmont  of  eviation,  niado  in  1895 
ond  covering  the  noxt  50  ysar-'S- s  and  oorrc  sponding  to  tho  actual  facts , 
would  hovo  appoared  »t  least  as  phontostic  then  as  doos  tho  prosont 
forocasi  of  tho  poss&biXitios  of  rocket  äovolopnant  c 

In  tjK  sarno  way  os  tho  development  of  aviotion  was  not  the  work 
of  a  single  man,  but  beoamc  possible  thanks  to  tho  cornbinod  oxperionoo 
of  oany  ibousands  of  spocialists ,  who  c once nt ra to d  oxclasivoly  on  this 
onc  brauch  of  Science  for  yoors,  so  tho  devolopmont  of  the  art  of 
rocke  ts  will  roquiro  a  systonatic  cf  fort  by  all  spocialists  who  havo 
p inöd  oxperionoo  on  this  sübjoct. 
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FR0JB3TILES  SSKLES  "A"  ( LIQUID  PaK»  4»HD  IJJZQWb) 


Alfred  Baciiaann 


Electrieal  development  engineer.  Game  from  T »H«.  Berlin  nnü 
worked  original  ly  on  ellminating  disturbances  on  transmluoion 
lin©».  Afterwards  subject  was  employed  et  Siemens -Schuekert» 
contra ct  adalnistr&tion.  Later  he  was  with  the  "Reichsgruppe 
Energiewirtschaft"  on  the  planning  of  power  generation 
throughout  Geraany»  Military  Service  from  February  1940  untll 
January  1942»  participated  at  the  French  carapalgn.  Then  et 
Peenemünde  fee  worked  on  the  electrical  ground  installations 
for  the  teat  Stands* 


Herbert  Bergeier 

Worked  on  auxiliary  ga&gets  for  the  V-2  (A4).  Worked  on  solo« 
nold  valves»  pneumatic  valvee  and  propellent  valves.  All 
velve®  had  to  b©  cona feructed  at  Peenemünde»  could  not  be 
bought.  For  O-ring®  (sleeves)  eome  type  of  rubber  was  useö» 
©von  for  the  liquid  oxygen. 


Ernst  Klpoard 

Bullt  the  body  of  the  V®2*  Was  elrplane  constructor.  Got  all 
the  dat€  on  the  stresse®  and  had  to  bulld  the  proper  out er 
casings  for  the  V-2.  Sesentially  three  types  of  Steel  aheets 
wer®  useö  {Fliegwerkstoff©  St  Vll  23). 


Hermann  Buhl 

Anelysed  the  data  ©btained  from  the  survey  of  the  path  to 
determin©  the  proper  chsracteristics  of  the  projectlle  and  of 
the  Jet  motor  for  the  achievement  of  best  rang«  and  smallest 
weight*  (Dld  not  work  on  A9  and "Wasserfall") 
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XfffTBRROGATX  ON  OF  RUDOLF  BlEWALD 


Bit  H*A*X^ibhafsky»  J  Iball,  G.TeGollen  at  Garmisch 

MT  SD  t  22  May  1945* 

Was  in  Charge  of  motor  tank®  for  G2 

Tanks  cont&ined  6700  litres • 

Tank  insulated  with  5  cms  glass  wool  (  Hyporka  )  and  outer 
eheet  «*  metal  coTer. 

Löss  350  litres  perÄ  cksy:  24  hour  day. 

Sonetimes  got  bis  L«Op  froia  the  faetory  and  sometimes  by 
pressure  fron  rail  car. 

Transfer  by  portable  engine  driren  pump  which  could  be  carried 
by  2  men. 

L® 02  transferred  tc  Ä  4  rigid  7  cm®  I*D*  pipe  covered  with 
woven  insulation* 


Iie^mQOATlQK  OF* 


Frof  •  vo»  Brr**« 
Dr.  Steitfaof. 

Dra  Kiroheteliu 
Br»  Mßhlaer 


gfcytg^ir»Oh#m^  May  16,  l§4fifc 
by 


Sh@  pböT»  s-Sfes  -war«  intÄgs'Qgftiea  with  k  tImt  to  öbtaUlag 
i©fb»tle©  o©  the  nAio  aspeote  ©f  A-4  ©sä  Wasserfall  m  well  ©s  ho«!«# 

©y©t©e®  &ifi  pfosdmiiy  fum«, 

Äe  feietories  ®sd  tmpoaeibilitl©»  ©f  thes©  ne©  ©re  oovered  i© 
SligfcVIdeuteaaat  Block*®  repori.  Briefly,  Steiabof  was  &»®»rble  direotly 
t©  wo©  Breis©*  EireSsatei*  w»m  reapoesible  for  the  ränge  oontrol  ikpparatus  uader 
SteishsS’*  ßxtä  Makler  ia  ©barg*  ©f  the  Beffldr  veloeity  deteraiiiiiig  equip- 

■Mt  liroksiela® 

MX  ©f  the  K<m  t©Xk«i  frs« ly  ®*d  tkeir  «torie*  wer©  gewerally 
©o»®i*te«ta  To  ©btai»  ©oour&te  detailed  ieformatio©  1t  w&©  ©eoftssary  to  go  dow© 

to  the  le^el  off  if$Sä2&@r* 

• 

Ibe  ftollralhg  jmges  represemt  a©  Integration  of  the  nateri©! 
«tetaissssl.  tnm.  «11  four  Mit®  Whs»  ©&©essa*y,  refereaee  i*  «©de  to  the  ©ouroe 

of  the  ©©t®s?t©X. 


ftepJtadiiJftdWfif  rocfead  direotly  vander  Prof»  eo©  Brätst  ©ad  was  1*  oharge  of 
aäXpnÄÜM  ca  the  A-4  «aa  Vatterffcll  r*l*t£ng  to  (l)  Bleetrioal  ©ysteas  (2)  ■ 
mheei^t  (3)  Atsteggöti©  it©?Ixg  ©ad  (4)  Fr*«  flieht  teating.  For  © 
ah^rt  per*od  he  na®  to  eäi&rge  mJ  etati©  testiag  also»  bist  waa  rellered  of  thls 
W  Sa%<  Althots^i  ha  n&©  ia  ©berge  of  the*®  projeot©  on  Wasserfall*  he 

eo^seeträtei  «fcisly  m  the  A-dßjfcgtiag  ©er»  1ä  «r  ©dvisory  oapnoity  to  the  people 
«as£@r  Ms  o©  Vse^^U« 

Brawaeelfli««.  Buriag  the  early  stages  of  the  A-4  deralopswet* 

*«&  tdexußtfc  ©ad  tlee  ist®  giw*»s  t©  the  prahle«  of  ©oourete  re  ©ge  oontrol  by 
*h«  ©athod  of  st©ppi»g  the  rooket  «©glue  (Brennschluss )  at  the  epproprlate  time 
iM  the  trajeofcory*  Sinus 

®sag»  *  f(%*  Ty,  x«  y) 

©lies«  x  ®suS*y  er.»  the  «oardlaates  of  the  trajeotory  at 

the  eut-off  polat* 

it  «es  ©t  first  atte^ted  to  deriee  vom  «etfcod  which  wmsld  funotioa  o©  the 
best©  of  «11  four  of  theee  warisbles.  Thls  preved  to  be  too  dlffioult  © 
prlhlen  to  eoloe  1«  the  tlne  amilalle  so  a  t^xsproadse  wa«  ©ade.  ¥h©  oovpo©e©t 
nt  welooity  ta©ge©tlal  to  the  tr©3©otaxy  ©t  the  eut-off  polet  wae  used  to 
lateral©*  the  eu  t-off  poiet«  k  radio  Dofflar  syate©  ©dapted  itaelf  roxy  ©eil 
o  thU  ao^roMlee.  X  CSF;  tra©e©itter  of  about  000  watt»  pewer  output  mm 
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pliC  nt  .‘OUit  Oii  the  j3müUii  hero  t  bu  uai^eut  line  ti.turaeota 


Tli€  jpouad  trafu„lttln;i  autoiL-ias  corüJlatod  o,  a  horlso.twl 
rhO  iblö  so  j>l  iocd  abova  t in.;  :^rouud  thuL  ita  horizontal  polo- 
Taz  atlon  Muttern  Ov.utTod  ab  out  the  tan  ent  lim.-*  yh&s  ..uide 
det.uotlon  *t  diatanoeb  bo/oiKi  2j  It.s  aa  the  £round  pruotically 
ln  :0331b le*  The  re^wived  *if  ö*iUenotf  k(i‘o-  */-  i*  *  1*8  beuten  a-ainst 
Eio  uni  ehe:  >  paoQüd  thro -\  'h  ti  über  oentured  at  ubout  5u0 
oyoieö/  aeoonJ  ^leh  a  band  ntath  oi  ubout  50  oyoloa/ aeobad.  The 
nur»o  iiesoa  oi‘  thia  band  as  consl-äcred  an  l-aporta^t  anil-ja.. 
icaoupe*  Ahe  oiap  t  -uT  thia  Tiiter  bPl,:jca?ed  a  rela,.  hloh  ln 
turn  trauter ed  o^i  .the  ruvilo^oontrol  ai:;;nai.  xhia  oüntrol  aljnal 
eorialatöd  oi  a  oGA.blnation  ot  .-Ire  ,o&  *  atlon  i're-uenoleo  ln  a 
apv.Ql  io  ti  .c  auv'onae  <an  -im:;  r. port  completui\r  deaoriblii  ;  thls 
a„-  atu  ..  -  ag  publtahud  vio.at»  ti  u  uo )«  Thls  conmnd  H -nal  lg  then 
uaed  to  -odu late  the  saue  trau.)  ibber  uuod  Tor  vcl,ooitj  detör- 
laination«  i\o  -.-ever,  ln  thla  Operation  thu  tru-aul  tter  output  -aa 
oiiiy  fcee  mttö.  The  b^aio  Tre^ueuu^  aaad  "aa  ~ü  vith  ^oaaible 
vurl-jtlona  o T  • 

Cu  the  .1-4  tftrite  di ,.  Aeruiit  b/pua  oi  anunmas  "  nr©  uaed  at 
varlou:s  ti  .ooö  uhoöo  ope 

Tau.  Antenna  Antenna  Pattern  Body  or  Tür  Antenna  Antenna  Pat. 


i-hu  fcaii  anbonuaa  oonaiut  oithur  a  puir  ©t  dlpolesi  .vad  in 
o,j  oü Ite  phaoo 
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on«  pofcruding  from  «ach  of  opposite  tail  fins  ( thus  four  auch 
dlpcles  ©p  two  balanced  antenn®»  ara  possible)  or  of  two 
*®f«l  innert*  separated  from  the  teil  fin  by  inaulating  ma¬ 
terial.  Eithar  of  theae  type*  of  antennaa  give  much  tha  seine 
pattem  alnce  they  apparently  exoite  tha  tail  to  give  tha  pat¬ 
tem  ehom  above«  The*©  antennaa  ara  (tha  dipolas  ara  about 
30  ©m  lang)  vary  daairabl#  fro«  an  anti-Jam  point  of  viaw 
ainea  tha  pattem  haa  a  back  t©  front  voltaga  ratio  of  1  to 
10  ©r  a  power  rati©  of  1  to  100.  However,  thay  hava  the  die- 
«d van tage  thst  their  proximity  to  tha  Jet  raquiro*  that  radi- 
ation  to  or  fr©»  tham  must  alwsiys  paas  tbrough  the  dlaturblng 
influanca  of  tha  ioniaed  Jet  •  trenn.  (Mora  on  thia  later). 

*h*  antenn®.  ©n  tha  ferward  body  was  »ade  by  aetting  two  of 
tha  four  aooesa  doora  m  insulating  material  and  uslng  tbam 
for  antennas#  The*®  doora  ara  about  1  to  1$  me  tarn  aquara. 

Th«  eia«  and  poaition  (provldad  ©ymraetry  ia  maintained)  af* 
foots  ©tly  tha  istpedsa©#  «ad  not  tha  reeonant  fTequency.  Tha 
pattara  of  tfei#  anteim*  ia  leea  deairsble  frora  an  anti-ja» 
point  ©f  viaw  alnce  1t  he«  a  back  t©  front  voltaga  ratio  of 
only  about  1  to  29  but  ifc  is  norm  deairable  becauaa  of  ite 
Position  wlth  reapect  to  tho  Jet  atrsam.  At  the  Brennachlusa 
point,  ita  Position  ia  ««  bad  as  that  ©f  the  tail  antanna  aa 
far  i®  radiation  t&rougfc  the  Jet  atr mm  ia  concerned.  Ae» 
©ording  tc  Dp*  Muhlser,  tha  of  development  was  to  hava 

th»  Tut  antenn®  aerw®  es  an  Antanna  fcr  tranamit  and  recalva 
Doffler,  pecselwe  oentrol,  tranaislt  Messgerät,  and  reeaiva 
Lol t strahl,  all  in  mm  «atoma •  Thu®,  all  cf  the  tail  an* 
t @rsras  oould  be 

Dp  Steinhof  afatad  that  thagr  would  11k#  to  hav©  gone  to 
higher  fraquenoio®  in  tha  misitile  to  c>impllfy  the  antanna 
prob  leas  but  that  th«  skalier  pewer  output  obt*iinabl«  fron  tha 
3«8»  aisad  tranamit ter  in  1s?«  miesilo  »Ifcigated  agalnat  thia. 
Bqth  2 )r*  Xlrehatola  ®sd  Dp.  Muh£n#r  statad  that  ihey  wäre  work* 
in|  oa  th®  Dofflor  ayt  £«■  wp  to  the  end  of  tha  war.  The 
original  eeneop&lon  and  development  of  tha  System  was  ap* 
parestiy  eiada  fev  Pp.  Kuhlrer  and  Prof,  Mohlman  et  Draadan. 

Tfe»  final  davolepaont  et  Feenamund®  (sinaa  about  194S)  in- 
wolwed  &  total  of  BO  anen  ©f  whöja  about  8  wer«  engineere  or 
phyalsieta* 

riha  Tut  airtes®«  was  utilised  aa  toth  a  reeeiwing  and  trana« 
mittig  ent  «an«  for  th©  Dofflar  ayatea.  Two  praeautiona  wäre 
takaa  to  keap  th*  receiver  frem  blocking  and/or  to  pnevent 
®ring  arouad®  aalf  oaoillatlon.  First,  the  reeelver  wab 
eo^noetcd  to  the  antanna  af  *  point  which  was  90°  out  of  ph«ee 
at  franaaltter  f Taqumqy  with  the  point  at  which  th«  trwis- 
■Itter  wa#  connected«  Thia  provided  about  a  10  to  1  iaol^tlon. 
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Second,  *  füt ar  in  tha  wwiiw  lln«  providofii  *  fhrther  5 
ta  1  afctanuation  ef  th©  transmltter  fraquancy  (an  aasy  Job 
eine«  transmittar  1s  on  Ztv  and  raceivar  on  fo).  Thus,  th« 
woltage  a cross  tha  trensmlttar  antenna  tarmlnala  was  about 
10  volta  and  timt  #t  tha  raeelver  anfcanna  terminal«  about  0*8 
volt#  * 

Jamming  Precautlons  * 

In  th«  early  developraental  «tag««,  tb*  Oermans  war#  coti- 
sldarsbly  worriad  ©wer  th#  possibllity  ©f  Jamming  th«  Doffler 
system.  To  provlda  for  tM«  eontlngancy,  davalopment  was  ba- 
gun  along  twe  different  anglas*  Gna  aolutien  was  fco  go  to  a 
eompletely  non-radio  syst®®  for  Brenns chlus y ,  «ad  tha  ©thar 
was  to  davelop  ceunter-co^termeasure#  for  tha  radl©  sysfcets* 

As  a  raault  of  th©  formen  approaeh,  tha  gyr©  and  eleetrplytla 
intagrsfcing  accelaromefcars  war#  develeptd,  pro&uc® d,  and  usad 
oparationally*  Eowaver,  al ne#  eavaral  radi©  links,  th®  Leifc- 
strahl  gerat  anti  tha  talestatarl  ng  (oparatlcnal  usa  ©1  thls  was 
anticlpated  t©  irprove  fche  rallability  and  accuracy  Standards) 
war#  nacessary  for  really  satisfactory*  Operation,  work  en  tha 
radio  Do  ff ler  System  was  ©onfcinued  and  anti-ja»  wathod«  da- 
valopad « 

It  was  anticlpatad  tbat  es  soon  as  any  j&rming  diffl- 
cultles  wera  eneountered,  a  panorsmi©  aearch  raoaivar  would 
be  incorporated  ln  tha  A-4  and  ita  output  telasatarad  to  tha 
grounci  via  tha  Doffler  traz&aalttar  aboard  tha  rocket*  Such 
rac© Ivers  had  been  devaloped  by  ethar  aganciae  for  eoamuni- 
oatlons  and  radar  saaroh  purposas  and  war©  avallahla*  Thus, 
for  ©rasple,  a  80-80  ne  racelvar  eauld  hava  Lom  quiek ly  Ja- 
stallad*  Sine#  na  j  arm  lag  was  avar  reportad,  this  preeadura 
was  not  rasortad  ta* 

A  saeond  anti-jas  preeautian,  pravlously  m«ttfionad,  was 
tha  narrow  band  filtar  on  tha  ground  ta  data et  tha  propar 
Dofflar  fraquancy  for  Brennschluss* 

Anefchar  anti-jaw  faatura  was  und  er  davalopsiaat  to  pra- 
vant  block  lag  or  captura  by  enasy  Signals  whlch  wara  strongar 
than  tha  daalrad  eignal»  This  Kethod-Xnvolved  usäng  tha 
diffaranea  fraquancy  batwean  tha  two  Signals  ta  KOduleta  tha 
transaittar*  Mora  da  teils  and  a  Circuit  dlagysa  ©f  thia  ara 
balng  prepared  by  Dr*  Muhlnar  and  will  ba  i&eluSad  whan  ra- 
eaivad« 


Sora»  ef  the  leaaer  known  detaila  of  the  syete«  ara  st»* 
narlsed  below: 

fo  *  mc  plus  or  minus  6# 

CW  _  ■  r  1  erensss»  pewer  *  800  Watt« 

Mod  '  .  " "  »'  fe  s  200  tt 

CW  rockst  *  B  s  5-10  * 

Hocket  Deffler  reeelver  sensit irlty  for  Saturation  *  50  milllrölts 
Apprcx c  algnal  reeelved  acroas  rocket  antenna  terminals  at 
Brennschluss  -  1-2  microrolts 

Approx.  alg&al  repelYtd  acrosa  ground  antenna  terminale  at 

Bronns ©hlus*  ®  200  mlllirolts 

Orsead  transföitter  untenna  —  rhombl© 

Polarisation  —  borisontal 

Hocket  tall- antenna  directlrity  —  9Q£  at  half  power  polnta 
Hocket  tail  antenna  hack  t©  front  ratlo  —  10:1  (V) 

Rockst  Tut  antenna  back  t©  front  ratlo -  2:1  (V) 

Length  of  tall  antenna  dlpclea  «•  50-40  cm 

Test  Procedura  ©f  Doffler  ayetc»  ineolred  the  transmlaslon  of 
ia  t'aat  ffi%nar*froB!  a  small  ©rystal  coatrolled  teet  tranemittar 
knosn  ns  Ziegelsteinaender*  5M*  aignal  would  b •  received  by 
the  reaeieer  ©s*  the  rocket  mith  the  reault  that  the  transmitte? 
would  he  trigg#s»©&  eff»  A  seasnraasat  of  the  voltage.  acroaa 
the  antenna  wouM  then  indio&te'  if  the  entire  chaln  was  funo- 
tioning«  *  öfeYlausly,  this  was  ©nly  a  ,"yea  or  no*  teet.  To  make 
this  best*  it  was  naessaazy  for  a  man  te  cliasb  up  a  ladder  to 
aake  the  aabesma  wadtage  neaaurenent • 

Lei tttirahl  Oerath 

To  efetain  mme  •©dhr-.-.t^  t.-wl*«  «sstrel»  a  aystea  waa 
a&aeö  wfeish  was-  dewclepad  ia  the  middle  f50s  fer  blind  appreaeh 
asi  hli&d  Icking  et  eir<?»faffc*  Br«  Stelnhef  stated  that  he 
&14  messt  «f  this  e^riy  «bxfc  hisaelf  •  Thla  equipment  1s  known 
m  tha  Laitstrahl  Cterat»  1%  iurolwes  settlng  up  two  rery 
sftsrow  ossaeii  lobe©  by  maans  of  two  half  wäre  dlpelee  «paeed 
^0  1«  spart»  ly  this  mmm,  an  angular  senaltlrlty  ef  1/200° 
is  paaaibld'ln  the  radle  System«  Thls  ia  about  four  tlmes 
th»  sesäsltirity  of  the  gyr©  System»  Cbtalning  high  dlreo- 
tir&%  Tjy  thls  method  in&reduees»  ef  eeuree»  the  preblen  et 
»any  Sharp  aide  lebes  of  about  2°  each«  Precautlons  must  b® 
tak$n  that  the  rocket  Sees  not'  Hy  up  one  of  theae  otber 
lobes*  T#  srold  thiß*  the  Leitstrabi  antenna  la  eet  10  te 
15  E&  hshi&d  ths  laaaeMng  point  so  that  the  deslred  lobet 
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are  broed  at  thia  point.  Tha  tranamittar  haea  powar  output 
o £  3  Ktf*  Dua  to  tha  antanna  pattam  and  tba  prcpogation 
eharactarlstics  at  thia  fraquency»  1t  waa  Inpossibla  to  pldc 
tha  Signal  up  on  tba  g round  bayond  20  Km»  Tha  antanna  fer 
tha  Laltatrahl  consistad  of  a  palr  of  balanoad  dlpolaa  ln  tha 
tail#  out  tha  plan  was  to  ineludo  lt  in  tha  Tur  antanna« 

Waes er fall. 

In  th«  aarly  Worte  on  Wasserfall*  lt  was  plannad  to  uoo 
radar  baam  gulding«  Tal  «funken  had  oomplatod  tha  davalopnont 
of  a  500  na  radar  for  thls  purpoat  and  had  undor  d^velopnant 
a not her  at  1500  mc .  Dr.  Steinhof  a tat ad  that  fraquonclos  ln 
tha  3-10  mc  band  wora  daslrad  for  this  Job,  but  tha  avallabl# 
pewara  at  thaaa  fraquandaa  wer®  too  low«  Ha  statad  that 
auch  a  System  uced  with  tha  A--4  ahould  provlde  an  accuracy  of 
plus  or  minus  150  mefcere  at  SOO  Km  ln  both  rang*  and  basaring« 
Tha  A-4  was  actually  tasted  with  tbe  600  »e  radar  using  a 
7  meter  dlsk«  Thaaa  taste  dld  not  imolud*  aotual  ataarlng, 
but  rathar  tha  talametaring  back  of  tha  Information  aa  ns» 
eelved  on  tha  rockt  t«  Kammlar  klllad  thia  phaaa  af  tha  pro» 
Jact  (l«a*  radar  gulding  of  A»4  and  Wasserfall)« 


Ionisation« 


Accordlng  to  ßtainh of,  tha  radlatlon  of  50  »e  algnala 
through  tha  Jet  straam  of  tha  A-4  raaultad  ln  90%  ahaorption« 
At  600  otc,  tha  ahsorptlon  waa  lOjf®  Xfc  moat  af  tha  taat 
fllghta,  of  whleh  thara  wora  hnadrada,  tha  flald  atrangth 
waa  maasurad  at  tha  miaaila  and  eontismously  talasiatarad  ta 
tha  ground  wbare  thay  wäre  racordad«  Cr«  Klrehatain  atataa 
that  no  rallabla  flgurea  on  attanuatlon  wara  ebtal&ed,  ln 
soma  easea  no  attonnatlon  was  racordad  and  ln  * thara*  th« 
flald  sträng  th  was  rsduesd  by  a  faotor  af  5«  Sanol  flald 
streagth  maasuramanta  (l.a.  with out  abarrptlof  patba)  ln 
thamaelvea,  ara  suffloiantly  variabla  to  Stalnhof,  tha  Vari¬ 
ation  of  flald  stmgth  with  tlma  (maaaurad  fron  tha  firlng 
tima)  waa  ooaawhat  aa  followas 


CO  |- 


"~'vv  ..  Tur  Antena. 

/^Tail  Antena 

/  Brcnnchluss 

r\ 

/Approx  60  $tc. 

— i - * 
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The  low  fielcl  streng th  &t  the  ats-rt  ia  Cvlc  to  the  rerrotenepa 
of  th®  trRnsu’.ltter  (ebout  0  Km)  ena  »Iso  to  the  tranemitting 
anfcenn«  pattern.  The  Tur  antennc  rl&es  to  *  higher  velu® 
beesuee  1t  i®  net  aha&oweü  by  the  ienieed  Jet  streem  until 
late  in  the  i'lighfc«  At  the  Brennschluss  point,  the  field 
atrength  riaea  eharply  becauce  of  the  elimination  of  the  Jet 
stream* 

Inquiry  was  also  wad©  Inte  the  potential  ria®  of  the 
rocket  iteclf  duc  to  t.he  Jet  stream  and  also  due  to  th© 
rocket  pass ing  thron gh  ionized  cloude.  ßteinhef  and  Kirch- 
ateln  bofch  atated  that  this  preblem  was  of  great  cencern  to 
fchem  before  they  mad©  any  test  firings  •  A  teat  was  ma&e'  on 
the  g round  at  Peenemund©  by  eetting  the  A-4  on  inaulating 
material  on  the  tes.t  stand«  According  to  Kirchstein,  theae 
teste  resulted  in  potential  velues  of  the  order  of  20,000 
volta*  The  pol&rity  was  »omatimes  positive  and  sometimea 
negative«  The  teat &  wer©  rather  unreliabl®  becauae  of  duat 
diwturbanoe«  Most  ©f  these  detail«  ©heck  with  Vieweg »a 
atory  •  Kirchistein  stated  that  Vieweg  wa#  involved  in  theae 
teata«  Steinhof  breught  out  that  the  potential  rise  was  of 
an  sppreoiable  value  only  during  launehing  and  Brennschlusa  • 
The  potential  rta®  du«  t©  any  ©aus®  whatever  apparently  never 
rom  to  the  point  wfeere  eorona  dis Charge  took  plaoe,  sine®, 
if  it  hmd.  St  vould  have  been  detected  in  tbelr  field  atrength 
raeaaur «mente  whieh  wer®  contlnuously  recorded  over  at  leaat 
S/4  of  th#  t light  (a  distanoe  of  about  250  Kn)  * 

Teleseterim« 

T® lernet «ring  wa«  of  great  iaportance  ln  th*  develop¬ 
ment  of  the  JL«4  sin©«  it  provided.reliable  checka  on  the 
de sign  and  Operation«  The  eqnipmeat  ln  uae  up  to  the  preaent 
tim®  eonsiafced  of  an  AM  eystea  with  variable  amplitud«  and 
multiple  audio  frequencles«  By  thia  aethod,  four  c bann ela 
of  continucua  Information  was  av&ilable*  ln  addition,  four 
more  ©hanneis  of  off-oa  Information  was  available  by  «ending, 
at  four  ether  sudle  freqtfsnci««^  shert  blips.  The  dlaplay 
on  th«  ground  eonsisted  ©f  two  seopes  eaeh  with  four  para¬ 
llel  llne  sweeps.  One  acop@  would  preaent  the  four  eon- 
tinuous  channela*  and  the  tther  the  Intermittant  four  Chan¬ 
nels*  Thea#  dlaplay a  would  be  photegraphed  continuously 
during  th®  f light «  On«  flight  would  produoe  8  rolle  of  re- 
©ordlng,  «ach  roll  being  70  Bieters  lang* 

A  seeoad  teleaetering  systea  wa©  und#r  development 
whlch  was  oapable  of  tranemltting  12  ehannels  eontlnuoualy 
and  12  ©hannels  eff-on*  Dr*  Klrohstein  had  only  aeen  thia 
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equlp&c-nt  onco  but  weß  familiär  with  lte  Operation.  Xt  wa* 
being  Geveloped  by  the  Institut©  für  Schwingung«!  Forschung 
under  Pro!  •  Btcpleln.  Th©  12  contlriuou«  chonnela  conaleted 
of  12  audio  frequencies;  ih©  Intelligence  on  ©ach  chßnnel 
belng  ß  frequency  aiodulation.  In  Addition,  squer©  w«v© 
mobulation  was  auperimpoöed  to  that  for  i  cyel©  of  the  aquare 
wave,  the  earrier  plus  niodulation  trould  b©  on  while  for  th© 
other  It  wo  ule  be  off.  Diacreet  Variation®  ln  the  fre- 
quency  of  th©  aquare  wav©  proüuced  the  12  off-on  channels. 

Hom  Ing  Systems  and  P  rpjtltr  ity  luge®. 

Both  Dr.  Steinhol'  and  Prof«  von  Braun  wer©  queatloned 
regarding  the  development  and  uae  of  homing  ayat  etna  and 
prorJLnity  funea.  Steinhof  knev  very  little  about  them,  but 
von  Braun  fcad  a  general  knowleög©  of  all  th«  ayatema  which 
were  contemplated  for  vyaacerfall  plua  a  few  othera •  The  de- 
•ir©  was  to  develop  a  homing  ayatem  which  would  aleo  aerve  es 
*  proxlmity  fuae  Present  development,  however,  concerned 
Iteelf  with  ön©  thlng  or  the  other  and  not  a  comb  Ina  t  Ion  • 

Sprotte. 

This  ia  a  aend-receive  radar  homing  ayatem  being  de- 
veloped  at  Tele  funken,  Berlin,  under  Dr.  Punge.  About  8 
weeka  before  the  end  of  the  war,  Dr.  Punge  left  Tele funken 
and  went  to  work  for  EVL  •  Von  Braun  dld  not  know  if  he  teok 
the  development  along.  .  He  can  poaaibly  be  found  aomewher© 
near  Ainring.  Thla  ©qulpment,  , which  ia  known  aa  the  H  and 
V  Gerat  eperat es  at  about  23  cm.  It  would  haw©  been  pre¬ 
ferred  to  have  it  opera te  at  6  cm,  but  there  was  still  oon« 
aiderable  dif ficulty1  in  getting  aufficlent  power  out  of  mag* 
netrona  at  thla  frequency. 


Further  Xnterrogatlon  of  Stelnhof.  Kirche  teln«  and  Muhiner. 

by 

K.H.  Block  &  B.E.  Kr&uaa  18  May  1845 


A-4  Radio  Equipment. 

In  addltlen  to  the  eommaad • reoeiver,  the  Do f fl er  reoelver 
and  the  Doffler  transmitter,  a  parate  telemeterlng  traue¬ 
rn  itter  was  oarried  ln  th©  teat  f llghta •  To  almplify  thla  !ay~ 
out,  there  had  been  under  development  and  was  completed  a 
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•***£2.®  s*e©aiwer  £br  beth  the  Dof  flar  and  ccmmand  function. 

Eowever,  It  ras  cezrpletaö  too  late  to  lraxe  it  aortn  cnar.Äiag 
tha  produetion* 

Th#  radle  Eofflor  ayatem  wes  carried  in  a31  test  flighta 
£&  m  check  er  other  Erennachlues  aiethoüs.  ContinuouB  re- 
corcing  of  the  Dofflerfraqucncy  an  tha  ground  proviciad.  a  ohaok 
on  all  tha  Systeme.  Th®  eecuracias  ©n  tfcia  bsala  trara 

Dof  flar  Sy  ata*  plus  ©r  «Irma  0.6# 

Gyr©  int.  «ceel.  plua  or  minus  1*0$ 

Buchhcld  int.  aecel.  plus  or  minus  0*$$ 

Snfflciant  tricls  had  not  yst  baen  mad®  on  the  Buchbold  de- 
tIc®  to  ®ake  itc  figure  vs5ry  rslisbl«.  Kirche teln  feit  thafc 
fche  T-eöio  ayafcsm  wag  fcfc©  raost  accurat®.  Ite  complexity  wes 
by  far  tha  grastest«  wes  subject  to  Jamming  end  coet  about 
fcen  tlmas  es  amch  ®s  th®  other». 

Taiga#  tarina» 

Th#  MM  t#l©m©taring  System  wae  deaignad  and  bullt  by 
©bar  Ltm  Eiesndu  who  etayad  in  Bl  eich  «rode.  Br.  Kirchatain 
waa  reqn®gt@d  te  draw  up  #  Circuit  disgram  of  tbis  sys  tarn«. 

It  ia  gh©g?is  on  th#  fo  11  ©erlag  psg«  of  tbia  raport.  Tha  ao- 
curscy  ©f  tha  ayetmm  was  abcut  3$.  Tha  new  FM  system  undar 
dawelopmani  by.Frof«  Stopler  was  to  ba  mera  eccurste  and  bare 
»ord  ränge»  Th#  M  sys  tarn  euffsred  bacause  eight  chsnnela 
sllntrad  an  ly  #b#at-10>  medulatlon  for  aach  channel  wheraaa 
tfcis  was  n®t  so  in  tha  FM  systess«  Tha  lndleator  sys  tan  for 
th#  I«  syst«&  was  t©  b©  tha  asm#  ss  for  tha  AM  for  pro* 
ductiom  reesoms,  Thm,  als  four  ©hsanal  indicatora  would 
ba  c#qulr«d. 
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A»4  Ant©t»a>» 

llavixiß  prev ioualy  obtttinad  som^wh^t  coÄJruaed  otorio* 
of  the  /«4  tail  sntonnßB,  Pr.  Kuhla© r  was  aaked  fe©  draw  ua 
bc  cur  et©  a  picture  cf  thea©  antjmnäs  «s  ha  could.  lliis 
deeerlptiojn  ts  beltevod  tc  be  nioro  accurat©  thnn  that  ftivan 
in  the  M ay  16th  raport. 


Radio 

Control 


Leitatrahl 

f  Telemeter srsg  ^»n  plane  normo  I  to  foptrj 
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fh©  eepper  atrlp  antenna  was  call  ad  Schleife  antenna  and  th© 
dipoles  Stabe  anteima •  The  Schleif«  was  used  for  th©  redio 
Control  reeeiver;  two  of  th©  Stab©  ^er©  used  for  the  Loii- 
strabl  gerat  and  two  (there  was  on©  on  ©ach  of  four  fina) 
fb#  fce  lernet  «ring.  Contrary  to  Jrtuhlner’s  cpinion,  Kirchstein 
feit  that  the  tail  an  tennas,  wer©  mo re  desirable  because  of 
the  poor  s truetural  deaign  of  the  doors*  Xt  was  necessary 
to  tune  the  tail  ant«nn«a,  tut  not  tha  Tur  to  cov«r  the  eia 
freguancies  of  30  mc  plus  or  minus  5jf*  Thls  tuning  was  dene 
by  small  variable  ceraroic  condensors  whlch  wer#  marked  for 
ihre®  aefcilngs»  The  Stabe  wer«  capacettive;  th©  Schleife  ln- 
ductive. 

Vibration. 

Kirchstein  sl&ted  that  teste  showeö  th«  Vibration  to 
peak  at  c er t fein  points  as  shown 
to  the  right*  Here  agaln  they 
wer©  very  rauch  concerned  ab  out 
th«  problem  before  any  ilighta  J 
were  med©.  When  no  trouble  ^ 

was  f'ouna  ln  th©  actusl  fUghta^ 
they  no  langer  woxried  about  ^ 
th®  Problem*  Hence»  flight  ^ 

data  on  the  subject  is  not  cd  I 

very  cca&plete  .  On  the  batis 

of  teste  mad©#  the  equlpment  _ _  I  _ 


when  ehock  mounted,  had  to  pass 
th©  feilowing  speclf lcations : 
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(a)  40  cyc/sec  at  0*5  mm  amplitude  for  3  minutea  tl©d 
to  the  test  table* 

(b)  15  cyo/aec  at  2  ew  amplitud©  for  1  mlnute  Standing 
loose  on  th©  table. 

2h©  actual  ahock  mounting  consisted  airaply  of  four  rubb©r 
dlaka  about  3/4 M  diamotar  and  high.  Furt her  Information 
on  thls  Vibration  mounting  oan  be  obtained  from  Dipl*  Zng* 
Boehn  or  Dipl*  Ing*  Ho m*  Dr.  Betser  should  know  «baut  Vi¬ 
bration  in  Waaaerfall* 

Doppler  Antl-Jan  Receiver. 

On  the  next  page  ia  shewn  the  schematIc  Circuit  diagran 
of  the  Verdopplar  with  anti-Jam  Circuit  as  drawn  by  Dr*  Muhl* 
ner.  Baaed  on  actual  tests»  thls  ssystesa  was  supposed  t©  h&v© 
worked  through  a  0W  Jamming  slgaal  tan  tlaies  larger  tban  th© 
desired  Signal  and  20  tiznes  larger  if  the  Jamming  Signal  was 
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TRANSMITTER 


ae&ulated  100$.  The  «mall  c hange  requlrod  in  a  Standard 
reeeiver  would  allow  such  a  Circuit  to  be  quick,  ly  added 
'eben  needed. 

Veloclty  Measureisent  Equipment  (Ground) « 

Dr*  tfuhlner  was  rsquesxeä  to  draw  a  achematic  diegram 
of  t he  welocity  sieesuring  equlpment«  It  1s  shcwn  on  pag© 

IS*  The  recei wer  and  transmltter  portions  of  the  diagram 
er#  seif  explanatory*  The  output  of  the  receiver  ia  fed 
lafito  a  fllter  whleh  iß  centored  about  the  Eoppler  frequenpy 
Cnstsfilly  about  600  )  and  haa  a  bandwidth  of  about  60 
Thts  eeuXd  be  mode  harrower  if  a  single  Brennschluss  ,were 
uaed«  Hcwever*  in  later  firings,  tWo  cut-off a  wer©  uaed* 

Th#  first  reduced  the  thrust  frorn  25  ton#  to  8  tous,  and 
the  seeond  eut  it  eff  entirely.  TM*  corresponded  to  about 
m  &£  difference  in  veloeity  and  hence  the  filter  had  to  paa* 
m  broader  frequehey  band.  The  filter  fed  into  a  Robinaon 
bridge  ifhich  was  adpwt ed  to  null  for  the  proper  frequency • 
fflsrn.  tm  fr&qmmlas  hmä  to  .be  measured,  t^e  f  irat  Signal 
relay  closing  wernld  .  be  measured,  the  first  Signal  relay 
closing  would.  alter  the  bridg©  balancs  as  sfeown.  The  null 
Signal  fron  the  bridg©  fmda  through  an  ampllfier  to  the 
®riag  »©dulater*«  The  ©ther.  slde  ef  the  ring  modulator  la 
£M  thrmigh  a  to®  phaa«  shlfter  (to.balance  out  the  phaa# 
sMft  in  the  bridg«) »  Then  ßa'the  bridg©  current  goes 
tteeug^ü  m  null,  it  rererses  its  phase  which  reveraea  the 
«urrent  in  ‘the  ring  modulator  and  closes  the  polar! sed  re- 
Imj  wh&dh  then  eutomtlcally  eauses  a  eontrol  Signal  to  be 

#• 

Bob! nst  Systems  and  FF  €ontf&. 

H  and  V  gerat» 

Äa  equlpment  under  development  by  Telefunker  for 
guiding  ©f  glide  bombe  (Ha  293  tec.)  fron*  the  roother  plane« 
The  fflothor  plane  would  track  the  ehip  in  th©  H  and  V  Gerat 
and  then  roa  the  glide  bomb  down  the  beam«  The  traue« 
alttlng  antemsft  was  »  rötet!  tag  dipole«  The  'receiver  had 
twe  antennas,  the  Outputs  of  dhieh  wert  coiapsred  to  pro- 
▼ide  feeerlmg  edntrel#  By  using  four  antennas,  the  bosfc 
eeuld  rötete  (like  the  X-4)  and  still  be  properly  steered« 
vas  abandoned  beoauee  (aeeo^ding  to  von  Braun)  the 
Job  eould  be  dene  better  by  infra-red« 

Windhund« 

Thia  la  a  hone  on  Rotterdam  systen,  belng  an  extenalon 
ef  the  CCRFU-VAXag  developneet.  Zt  was  belng  deweleped  bar 
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Tel© funken  upder  Tr*  Punge.  Sone  thou^it  Vk3  given  to,  but 
nc  werk  done  on  tha  applicatlon  of  Windhund  to  «  prorlriity 
fuz© « 


Madrid 


An  IR  homlng  eyatem  und  er  development  by  th©  KEPKA 
Company  ln  VI3HÄA.  Von  Broun  knew  littl©  ©beut  thl«  and 
thougbt  very  littlo  of  the  firm. 

Marabu. 


A  proxijulty  fuze  he  Ing  developed  by  Sie® «na  st  Hacken¬ 
leider  near  Berlin.  The  Company  moved  somowhere  lnto 
Western  Germeny.  A  trensrr.Ittcr  in  the  head  of  tfco  misslle 
sende  out  pulse®  while  enother  antenne  ln  the  teil  recelvea 
the  echo.  Wfcen  the  eefco  reechea  a  glven  strength,  the  fuse 
ic  fl red.  Range  1s  supposed  to  be  30  metera  or  leas» 

Miesse . 


A  passive  sccouctlc  proximity  fure  under  development 
by  Deut  eher  Reicfcspost  Forschung  at  Machnow  near  Berlin» 
TIils  Seme  firm  also  had  und  er  development  a  raäio  Doppler 
PF. 


An  IR  photo  electric  (see  separate  report)  proxlirlty 
fuze  developed  hy  a  llfr.  Peuch  er  who  ia  new  at  Kochel.  It 
tranamits  e  scanned  light  beam  and  recelvea  the  reflectlon* 
Can  operate  on  vlsual  or  Infra-red. 

BLAG. 

Th©  Eloctro-AIrustic  Company  had  uhder  development  op- 
tical,  acoustic  end  infra-red  homlng  Systems*  This  Company 
was  first  at  Kiel,  later  moved  to  Haaalau,  Schlesien.  Whsn 
the  Rueslans  approached,  the  peraonnel  moved  out  and  left 
the  laboratories  intaot.  Dr.  Kutscher  and  Pr.  Kocht,  two 
of  tha  koy  peraonnel,  are  now  probably  near  Bleicharode» 

Rheinland. 

Ohls  was  tha  ns»«  for  the  ground  equipwent  of  a  radar» 
radlo  control  syatem  for  Waaserfall  under  development  by 
Tel  «funken®  Tha  operating  frequency  was  around  £00  mc. 
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was  ®63.®3y  fo*  tratking  ttmt  eM 
aetmtts%  m  i«  th®  nis»tl®«  A  separat®  rm- 

eafwiag  m&.t&mm  «pald^thaa  tr®©&  th®  rockst  Ijy  tha  trana- 
pcm&ad  9h*  hMtelag  anglaa  ©f  th®  tw©  mtmnm*  wold 

tb®ss  ha  Map®*«*  mnl  sm  epproprlat®  öaafcral  Signal  amt  te 
th®  will  bften  it  hack  lato  tb®''b®®a«  It  wae  dlmlop^d 
*hf  ®pas*«fci©ß  tmt  mmm  thaught  we  giv#n  t© 

’UMm. 

A  s?m%m  Btmtim-  te  RhaisOaisä  Smt‘  ©paratlng  et  23  «. 

0 - - 

3»  fämm  *t*fe®&  that  all  teea&ng  qratacna  unday  da« 
*®l©p»as&t  tm  m mmmpfmU  milized  ®<mp ut®d  oolliaion  eouriM. 
li®  Imllmg  w$m  that  shdtai  ©ours®®  tor  aqparaonle  apaads 
war®  Mt  praetiaal«  9h®  ©nly  axaaptlcm  w®a  lia*-©f-aight 
©anFsa®  a®  ©htalnad  with  radsr  baama» 
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Ii-V-'i.  X'v ..  l.i  •  1  j'  .«  vt>tt  ii.t.lUi. 

Bf*  .,..1*  .Lull  ot  €U*i£*;iI:;cb ,  ^  June  1^4^« 

A  presHuro  aystju  cf  f  i  idin.  reuctarts  was  chosen  for  Wasserfall 
(C-2)  becausj  it  is  more  econonical  of  space  and  weicht  then  a  pump 
System  would  be  for  tnis  size  of  rocket*  The  size  for  which  a  turbine- 
pump  System  begins  to  bo  desir^able  depends  on  scveral  factors  such  as 
speed,  type*  duration  of  burfcing  but  probably  occurs  in  the  1C-15  T 
(metric)  thrust  ränge* 

öeveral  types  of  pressurizing  have  been  tried  experimentally 
such  ast 

(a)  Pressurizing  with  a  slow  burning  powder*  This  is  hard  to 

v 

control  since  burning  speed  rises  with  pressure.  Valving  excess  powder 
gas  to  tlie  outside  hasbeen  trisd*  In  any  case  sone  sort  of  pressure 
r-egulating  valve  must  be  used. 

(b)  Pressur^Lng  by  combining  the  Liain  rocket  reactants.  This 
device  is  considered  rnost  promising.  A  snall  air  bottle  is  used  to 
Start  the  process  which  thencontinues  with  proper  regulations.  V/hen 
using  the  Visol-Salbei  combination  water  vapor  is  deposited  in  the 
Salbei  Tank  which  promotes  corrosion.  This  is  po  great  trouble  in 
military  shots  but  in  test  rockets  wh-ere  several  runs  may  be  required 
difficulties  arise.  Three  to  four  runs  may  be  the  life  linit  of  the 
«.cid  tank  under  these  conditions. 

Anotlier  reason  for  the  use  of  pressurized  tanke  for  reasonably 
large  rockets  is  that  the  stoutly  constructed  tanks  make  excellent 
airframes*  particularly  in  rockets  requiring  large  r.-dical  accelerattons 
with  consequent  high  stresses*  j?or  instance,  C-2  is  calculated  for 
radikal  accelerations  of  12  g  with  a  safety  factor  of  l.J»  Düring 
certain  parts  of  its  trajectory  thisirocket  can  perform  tums  ofthis 
value* 

About  half  of  the  explosive  ch...rge  carried  by  C-2  is  in  a  form  wxgfrt 
similar  to  prima  cord  distributed  in  tubes  Ieeke«:  through  out  the 
missile  in  order  to  break  it  up  so  that  it  will  not  cause  damage  when 
falling  on  home  territory*  This  is  one  of  the  reasons  for  the  central 
tubes  thru  the  re.-.ctant  tanks  sinca  they  qan  be  more  easily  broken 
up  from  the  center*  Anothir  excuse  for  central  tubes  is  that  welöing 
stresses  are  smaller  v.ith  this  construction  than  with  tubes  near  the 
'edges* 

It  is  possible  that  the  flexible  reactant  outlet  pipes  may  be 
hung  up  on  these  tubes  but  the  usual  course  followed  by  C-2  would 
not  permit  this*  It  was  agreed  that  a  circling  airplan©  would  probably 
cause  embarassment# 
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A  Jftoman  candle  type  of  powder  (  Bengal  fire)  is  burnad  in 
Jhe  air  pipe  on  tlie  high  pressure  side  oi  the  Regulator  valve  in 
:>rder  to  raduce  the  amount  of  air  required«  The  powder  is  confined 
eehind  ganze  to  prevent  ash  from.  entering  the  air  stream.  Porty  five 
second  bumiug  has  be  3n  obtained.  A  30%  saving:  is  roade  in  the  air  flask 
size  by  laeans  of  this  device. 

The  two  min  reactant  valves  are  mechanically  connected  to  give 
a  time  delay  to  the  Visol  so  that  Salbäi  will  have  time  to  enter  the 
cooling  jackat,  pass  thr|u  it  and  the  nozzles,and  be  present  in  the 
combustion  Chamber  bexore  Visol  arrives  in  the  Chamber«  In  this  way 
axplosions  are  avoided  since  there  is  always.  sufficient  O2  carrier 
pres2nt  to  burn  with  a  minimum  time  delay«  the  Visol  as  it  arrives« 

/isol  is  admitted  through  its  ®alve  about  1/5  sec  aft er  the  Salbei 
valve  is  opened*  Visol  can  be  admitted  first  but  this  arrangement  does 
not  start  combustion  as  smoothly  as  in  the  previous  arrangement« 

The  two  reactants  must  not  appear  in  the  combustion  chamber  simultan- 
eously  dince  a  small  ignition  delay  would  cause  an  explosion* 

In  the  nozzle  design  the  jats  are  so  arranged  that  flame  is  kept  am 
away  from  the  combustion  cliamber  walls«  In  addition  tv/o  rows  of  holes, 
one  just  abova  the  throat  and  on^iear  the  max*  chamber  diameter  admit 
3-5%  of  tha  total  flow  of  Baibex  directly  into  the  combustion  chamber 
for  wall  cooling*  By  thase  means  wall  temperatures  are  kept  down  to- 
30C  to  4C0°C«  Choosing  the  position  of  the  auxiliary  cooling  jets  is 
always  an  experimental  proceadux*et  f^pparantly  the  burning  time  is  too 
short  to  have  the  oxidizing  atmosphere  at  the  chamber' walls  make  any 
diff erance  .in  oxidation* 

German  1263  or  1265  Steel  (Kn  2-3%)  is  ns ed  for  the  vombustion 
chamber®  A  Steel  is  wanted  vMch  can  be  forme  &  and  welded  easily  and 
which  wil^jhave  high  strength  at  400°C«  Welding  is  difficult*  In  the 
beginning  it  was  nacessary  to  arneal  the  completed  Chambers  but  as 
&  progressive,  Symmetrie al  welding  technique  was  worked  out,  the 
ameal  was^Becessary* 

Heat  trän sf er  at  the  tliroat  is  estimated  to  be  10  times  that  at 
the  max«  dia®  of  the  combustion  pot  or  at  the  exit« 

The  cooling  jacket  space  is  5*~6  mm  v/ide  and  constant*  This 
spacing  is  maintainad  by  placing  wireo  of  that  dia*  along  the  eloments 
of  the  geonetrical  body. 

Two  pipea  lead  Salbei  down  to  the  distribution  bulge  at  the 
venturi  exit«  One  had  b  ;en  used  sucessfully  in  tost* 

Tha  latest  nozzle  disk  is  report^d  to  be  cast,  then  rolled  and/or 
machined  to  shape*  Pig  1  ehows  a  radikal  cross-section  of  the  nozzle 
and  Fig  2  a  view  of  one  quartor  of  the  disk  as  viewed  from  the 
combustion  chamber*  The  iß  cast  with  the  radical  ard  circum- 
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x'erent&al  passages  Tor  dalbej^cored  in.  üJlia  iialbei  alots-  03? j  closed  up 
by  rolling  onäjbhan  machinecj  out  to  about  0.8  mm  wide  or  roll  ad  up  to  0. 
spacer  •  Visol  slots  are  end  lailled  to  th  >  suif>  dimensicn  tkru  the 
Casting,  liiere  are  about  8  rings  ior  öo.lbei  und  7  partial  rings  ior 

Visol. 

xv/o  ppposing  scliools  exist  in  nozzle  design,  parallel  and  inclined. 
It  is  cheaper  to  build  parallel  nozzles  and  the  turbulence  in  the 
combustion  Chamber  soon  mixes  the  jets. 

Stoichiometric  proportions  are  not  usad  as  iiigher  exit  velocities 
and  lower  max.  temperatures  can  bs  obtained  v;ith  other  proportions. 
i‘he  expression  for  gas  exit  velocity  follows. 


Where 


c=  exit  velocity 
•  g=  gravi ty  constant 
lz~  gas  specific  heat  rat  io 
Pc=  combustion  chamber  pressure 
Pe=  exit  pressure 
H«  gas  constant  =  848 


Jd  =  molecular  weight  of  exliaust  gas  es 
T“=  combustion  chamber  temperature. 

Since  the  first  radical  is  practically  constant,  exit  velocity  depends  on 
H  and  1‘.  Ü?wo  values  are  wanted  which  when  rcultipli  ed  will  give  the 
largest  number.  This  nax,  value  does  net  occur  at  stoichio-nuric 
proportions  since  und  er  these  conditions  the  i'uel  will  be  burned  to 
C02  with  a/*  of  44,  If  more  Salbei  or  Visol  is  added  tnere  will  bo 
relatively  more  02  (./*-  =p2  )  or  CG  (/^  =28  )  in  the  exhaust  gases. 

Altho  T  will  be  lower  unöer  these  conditions  U  will  be  considerably  higher 
giving  a  great  er  value  to  Ul',  Fig  2  shows  this  relationship  for  Wasserfall 
and  Fig  4  for  A-4,  Note  tiiat  C-2  uses  an  excess  of  oxidizer  and  ä-4 
an  excess  of  fuel,  the  excesain  each  case  belüg  tlie  coolont. 


The  exit  velocity  of  the  C-2  venturi  is  1800  m/sec  over  about  90k 
of  the  exit  diam. 

In  the  following  squatien  written  for  gravity  free  ©aeuum  ,  will 
be  found  the  reason  for  dosiring  high  spocilic  gravity  in  rocket 
reactanta, 


ia  d  v  -  c  d  m 
d  v  -  c  d  m 


(2) 

(3) 
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=  rock  v 

...  =  s*  "  at  gl,  :.rt 

Xvp  "  "  Ohp  ly 

v  *  rocket  velocity 
c  =  gas  exit  velocity 

Laxiiiun  vslocity  v;ill  be  ootained  wiion  the  rat  io  ox  initial  nass  to 
final  nass  is  grastest  or  v.Iiin  renctant  weiglit  to  final  v/oight  is 
iieigkest.  ‘Ibis  st  ata  cnn  ba  approached  by  puttijig  the  gr  sätest 
possible  weigert  of  reactants  into  light  Tanks  •  Tanks  for  high  specific 
gravity  reactants  will  he  kxghxx  lighter  for  a  given  weiglit  of  react..aits 
sincethey  will  be  skalier. 

In  tests  of  ä-*4  a  good  burner  will  produce  a  visible  gas  stream 
12  -  13  n  long  with  no  side  flaue.  The  color  is  mainly  yellow  fron 
salts  and  iluidiun  oxide.  The  sodiim  D  line  shows  principally  in  analysis 
About  IG  sets  of  Machls  waves  can  be  S3;n  in  su.cn  a  jet  *  These  lines 
are  straight,  showing  that  the  gas  velocity  is  constant  across  the  jetf. 
and  mint  ain  sh  out  a  constant  angle  along  the  jet  since  as  the  3  et 
velocity  rsduces  the  gas  cools  lowering  the  acoustic  velocity  thereby 
raintaining  a  const.-jit  Mach  angle* 

fhere  would  be  parts  for  several  Couplets  C  -  2’s  in  the  vicinity 
of  Eleicheroue  or  in  transit  thoreto. 

von  Braun  has  ssveral  photographs  of  Prüfstand  Ko.  1  at  Peenemünde 
which  should  he  reproduced.  Perhaps  other  photographs  could  be  found 
through  interrogativ^. 

The  acova  report  rejiresents  what  was  r eporf ed  to  the  writ  er ,  not 
hi 3  own  vi aws . 
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Intanfog&tlon  cf  Von  Braun,  Dannenberg  aM  Klauaz,  by  S»  H,  Htill  at 
0* rnd«  ds-Partankirchen  on  7  June  1942« 


©j®  purpese  of  thia  interrogation  was  to  corrsot  mia-stateinants  which 
wer®  mad«  on  6  Jun®  1945»  concerning  regulator  valve  design  and  to  arapllfy 
Von  Brauai  Statements  of  5  Jun»  1945  regarding  pressurisation  of  raaot&nt 
ianks  fcy  saans  of  Salbei-Visol  oombuation  pot. 

Flgft  1  Shows  tha  regulator  valve  es  radrawn*  Whan  no  prsaaur®  is  app¬ 
lied  th*  spring  forces  tha  valve  spindl©  down  againat  ths  etop#  As  pressure 
is  applied  tha  valve  spindl«  is  ralsad  slnoo  tha  splndl®  araa  above  ths  high 
prassura  ©hamber  is  graatar  ihan  ths  corraeponding  araa  balow«  Ng  floss 
past  th»  first  throttling  point  on  tha  lower  valve  spindl«  then  paat  lower 
t wo  which  ara  sat  stora  open  eine«  they  act  as  valve  Bürge  dampars  rathar 
tha«  ihrettXes«  Prassurji  ia  takan  fron  tha  low  prassura  sida  up  to  tha 
hallews  at  tha  top  of  tha  assambly*  Pressure  insid©  tha  ballows  is  tha 
detarnining  factor  in  ths  position  of  tha  valve  at  any  instant*  It  Is 
©l^lsed  thatf  fer  a  givan  flow  rata  of  ragulated  gas,  pressure  can  be 
kapt  oonstant  at  27  atu  wi^th  an  inist  prassura  running  fron  250  down  to 
30  atu«  If  1ha  flow  rata  ohangas  than  tha  spring  adjustzaant  must 
br  chasgad  to  aaintäln  tha  samt  prassura  slnca  tha  valve  raquiras  a 
diffarant  opening  for  a  different  flow  rata  and  tha  gas  foroas  on  tha  lewer 
portion  of  tha  valve  spindle  will  vary  with  flow  rata« 

Tha  uppatr  portion  of  tha  valve  spindle  la  grooved  to  form  a 
labyrlnth  paeking  to  pr avant  axoess  high  prassura  gas  leakaga*  A  tlght 
p*rtiHwg  ia  this  place  would  causa  frictlon, 

JJoraal  staal  is  usad  iü  tha  valve  construction  with  tha  axoaption  af 
tha  ballows  which  is  bronsa» 

?igf  2  indieates  tha  force  balanca  ln  thia  valve  for  high  and  low 
Inlat  prassuraa«  Zero  diaplaoaaant  of  tha  spindle  is  takan  whan  ths 
spindle  is  as  far  down  as  it  will  go«  At  this  point  there  is  a  definite 
downsard  spring  form  on  tha  stop«  Whan  hi  ,h  prassura  air  is  admittad  tha 
net  faroa  raising  tha  spindle  raduoas  with  incraaslng  spindle  defleotioa* 
Bquilibriua  is  reaohed  whan  tha  nat  upward  air  force  in  tha  spindle  equalo 
tha  dowiarard  spring  prassura»  Thia  aqulllhrlun  point  will  ooaur  at  diffarant 
spindle  dlsplaesmsnts  for  diffarant  inlat  prassuraa  as  lndicatad  in  Fig»2« 

T3g.  3  indioatas  an  auxillary  oombustion  aystea  for  pressurisation 
af  tha  nein  tank**  A  small  ni tragen  flask  deliver#  ragulatad  prassura 
ta  «mall  ra&otant  tank«  which  ln  tum  supply  tha  ooribuatlon  ehrbar*  Gas 
fron  ths  oombustion  is  earrlad  directly  to  tha  nain  raaotant  tanke*  This 
sys  tan  should  ba  salf  regqlating  to  a  eartain  axtant* 

Such  a  davioa  has  bean  »tudlad  axpariaentally  but  narvar  flown* 
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A-18 


Oandi  eh«Par teoklr  eben 
fiäay  £0» 


Interview  witb  Diel  »Ing»  jgygaue  von  Braun 

Xnterrogators  It«  P®  Bwieky 

Teste«  orgln&lly  in  ths  labere tory  the  queatlea  ©f  apontaaeeus 
ig&itien  tiiae  ©f  ®ixad  fuala®  Tblisk®  tfeat  anallast  tbejr  had  vaa 
appr@xl»etcly  l/lOOQ  eaeend* 


uae  ©f  nany  of  ttmmm  s#  Triad  about  1500  eonblxiatiens® 

Xgnltioa  tim®  wes  Mssured  witb  the  seeiehed  arrangeaenes  (derkenlog 
of  tb»  Held  wfear  the  drep^lat  paases  and  brightenlag  fron  tha  flane) 

Octobesp  1945  he  workad  aa  technieal  and  lialson  naa  for  bis  brotbet 
{Prewioualy  fea  worked  witb  Prof«  Hans-  Fischer  in  Munich  T®H®  on 
symtiiesls  of  Chlorophyll,  fcaairc  #  gell  hladder  dyes  etc®  Bad  aona 
ef  the  «ynthese®  alnett  ln  band)® 
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67890 


(A-9tA-10  ) 

INTgKROGATIOH  OP  PHOF  W«  von  Breun  on  L05G-  DISTAHCß  BOCKST,  Kfrip 

Bll  E.H,  Bull,  W.BauszfR«W »Porter  on  7  Juno  1945t  Partenkirchen« 

Prof«  von  Bracu  was  questioned  at  length  on  the  basia  of  hi# 
Statement  in  "  Survey  of  Development  of  Liquid  Kockets  in  Germany 
and  their  Future  Prospects*  that  the  A  9  rocket  combined  with  the 
A  10  boost  would  have  a  rcnge  of  5000K&U 

The  A  9  rocket  is  essentially  an  A  4  with  ah  out  seven  square 
metera  of  wing  suiface  addcd«  Acting  alone  it  climbs  to  about  29 
kilometers  at  which  height  it  has  a  velocity  ofapproximately  1500m/#ec» 
It  then  glides  to  a  ränge  of  600  Km#  and  an  altitude  of  5  Kmf  where 
upon  it  dives  on  the  target#  if  a  military  weapon*  er  engages  in 
soae  sort  of  landing  procedura  if  a  cargo  c^rrier«  The  A  10  rocket 
was  to  have  been  a  boost  er  for  the  A  9  having  200  ton#  thrust  for 
50  -  60  seconds«  With  this  boost  the  A  9  would  be"launchedw  at 
1200  a/sec.  and  would  continue  until  it  reached  an  altitude  of  55  I» 
and  a  velocity  of  2800  m/sec»  It  then  begins  a  long  gliding  trejectory 
which  carries  it  to  a  ränge  of  5000  £m«  Prof  von  Braun  inaisted  that 
this  ränge  value  had  been  subst antiat ed  by  accurate  tra^ectory 
caloulations«  Qe  pointed  out  that  the  centrifugal  force9  due  to  the 
curvature  of  the  earth  was  an  important  f actor  as  well  as  the  changing 
air  devAities*  the  gradually  changing  velocity  of  the  projectile  etc«, 
and  that  it  was  important  to  aelect  the  best  trajectory  in  order  to 
obtain  or  attain  the  maxi  man  ränge« 

He  showed  by  means  of  energy  relations  that  for  a  flat  earth 
the  ränge  would  be  appr oxlmat ely  proportional  to  the  initial  velocity 
squared«  The  difference  between  this  result  and  his  Claim  he  believed 
to  be  due  to  curvature  of  the  earth«  It  seems  more  likely  to  the  writer 
that  this  difference  if  it  actually  does  exist  is  more  likely  due  to 
the  rel&tion  in  drag  coeffioient  at  high  Mach  numbers«  {  See  Appendix) 
Prof  von  Braun  was  not  able  to  remomber  any  numerioal  values  for 
the  ratio  OL  /GO  but  said  they  eould  be  found  for  A  9  ln  reports  at 
loohel« 

For  future  work,  von  Braun  was  Interest  ed  in  supersonio  Lorin 
motors  (  ramjets)  because  of  their  high  efficlenoy« 
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He  seid  he  feM  orten  taJJeed  with  Dr*  Hermann  ab  out  the  diffuser  for 
such  a  motor  and  that  tests  had  been  made  in  the  wind  tunnel*  These 
tests  wäre  closely  related  to  the  supers onic  diffuser  used  for  pressure 
recovery  in  the  wind  tunnel  ifcself «  Considorabla  success  was  had  in 
shaping  the  diffuser  tc  reduce  the  energy  loss  from  the  pressure 
waves*  Pressure  recovery  of  as  rnuch  as  tbree  or  four  to  One  had  been 
obtained.  In  hi a  example#  Prof  von  Braun  indicatad  a  velocity  of 
60C-  ra/sec  in  the  combustion  Chamber*  Asked  if  he  thought  combustion 
couldbe  maintained  at  tliis  speed  ho  säid  hethought  it  could*  For  example# 
soae  combustion  still  took  place  in  the  A  4  jet  where  velocitios  of 
over  1000  m/sec  exist sd.  Ho  combustion  Chambers  for  Lorin  motors  have 
ever  been  tested  by  von  Braun  or  his  staff* 

Incidictal  Inform  ationt 

Temperatur  es  in  the jet  w:ro  measured  by  a  Standard  optical  method  in 
which  a  lamp  with  a  variable  density  filter  is  placed  on  one  side  of 
the  jet  anda  spectroscope  is  placed  on  the  other*  A  trace  of  sodium 
salts  is  added  to  one  of  the  reactAnts(lf  not  already  present)  so  that 
a  strong  sodium  lina  exists  in  the  luminosity  of  the  flame*  By  varying 
the  density  of  the  filter  until  the  line  disappears  in  the  spectroscope 
the  tesrperature  can  be  detenained  according  to  a  previous  calibration* 
Velocities  are  then  deterainad  from  the  visible  pressure  waves  in  the 
jet.  Prassures  are  rarely  ever  m3asured  in  the  interior  of  the  jetj 
surface  pressuras  are  sufficiently  accurate  for  all  purposes.eGas  samples 
are  taken  with  a  water  cooled  tube  which  is  inserted  directly  into 
the  flame« 

Prof  von  Braun  thinks  that  tetranitromethane  would  make  a  very 
good  oxygen  carrior#  Por  example  he  believes  that  Wasserfall  oould  be 
loaded  with  tetranitromethane  instead  of  Salbei  and  fired  with  out  any 
Change«  Advantages 9  easler  handling #  higher  sp.gr«9  no  low  temperature« 
reasonably  good  spac.  thrust« 


JEt«W«  Porter« 



APFiJNDIX  i  Comparison  of  Hange  for  A  9  alone  with  that  for  A  9-A  10 

Jomb 

Aasume  rocket  la  delivered  at  a  height  above  the  target  with 
a  velocity^Vo.  Kf  it  glidea  at  an  angle t  #t  lts  eqjiationa  of  motion 
(neglectlng  the  eartha  curvafrure)  will  be 


Drag  ■  m  dv  +  m  g  »in  © 
dt 


CD 
(2) 

§r  ■  £  §f“  ♦  tan®  (5) 

C_dividing  (1)  by(2)  and  assuming  cos©  »  1 J 


Lift  «mg  cos  © 
or  cd  Id' 


By  def inition* 


(where  R  is  the  ränge  of  the  target) 
Assuming  a  constant  decellerationt 

—  "  ~  (  Whare  T  is  the  time  of  fligfat) 

dt  T 

and 


tan©  *  H 

!T 


R«  1/2  To® 


Subatituting  (4)  ,(5)  &  (6)  in  (3)* 


cd  w  1  /  Vo^ 

cT"  R  ^2g 

R-  cl  ( Vo2 

®  Ur 


+  b) 


(4) 

(5) 

(6) 

(7) 

C8) 


Substitnting  the  values  for  the  A  9  alone  in  (7)t  R«  600  kmt 
Vo»  1*3  Kte/sec*  H»  24Kmt 


» 



1*69  ♦  24 


1 _ x  108 


—  approx* 


(9) 
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Uaiog  this  valuef  and  the  data  for  theA  9  -  A  10  coiabination, 
To  »  28  Efc/sec,  fl*  55  Ka 


B  -  6  7*84  ♦  55  *  6  x  44?  -  2680  Km. 

*02 


(  10) 


The  cantrifugal  forie  on  the  miesile  m  it  follows  &  curved 
jpath  of  approx«  6,4000*000  meters  radius  at  a  velocity  of  2800  m/sec  »»* 
will  be 


T2 


7*84  x  106  -  1*3  m/eec  or  *13xg 
6*4  x  IO6* 


R 


In  the  case  of  a  missile  at  1*3  Km/sec  the  fprce  afc  wouM  be 
less  than  *03g,  consequently  over  a  part  of  the  path  there  would  be 
an  advontage  of  10%  in  the  Cg/CD  ratio  in  the  case  of  th«  higher 
speed  missile  because  of  the  centrif igal  force* 

a  mach  more  important  factor,  however  is  prohably  the  fact 
that  at  speeds  in  excess  of  11*1  the  draz  coefficient  decreases  with 
icreaaing  speeds*  Hence  an  increaae  of  nearly  2*1  as  would  be 
•equired  in  order  to  obtain  5000  Äa  ränge  would  not  be  impossible« 
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Diskussion  «Ith  Prof«  Br»  Ton  Braun«  15  -5ay  1945 
Pro sorit 2  Lt«  Col«  G«.J«  3olliA  QJ3&  P/lit«  JU&#  Stokes« 


After  intro&uoing  Lt«  Col«  Oollln  to  Prof*  ▼«  Braun  aa-a 
"reokotoer”,  B/Lt*  Sto 'mm  asfted  ths  iTOfeasor  to  eaaplify  and 
«larifjr  oortain  polnts  in  th©  sohodule  of  th©  nA" '  Troupon  devciep 
aont  mhieh  tho  Professor  had  givon  verhally  the  proviouo  luy« 

Ttie  aecount  had  not  Lean  in  ahronologioal  order  tut  during  this 
Interview,  v«  Braun  reoapltulated  th©  ~ork  in  th©  order  in  mhleh 
it  t-aÄ  boen  oorrlod  out  and  at  tho  soiae  tiiae  han&ed  ©ver  a  raomo 
randua  on  tho  developxaont  {past  and  posslhle  futuro  givon  &a 
Appendix  I«  It  ms  suggested  on  tho  previous  day  that  suoh  a 
«omoranduffl  night  ho  prepared*  U sing  this  meiaorandua  and  tho 
disouooiono  ao  a  La sli  tho  ohart  in  Appendix  II  haa  Leon  pro 
parod« 

A  general  ftiseuesloa  follomd  on  ISmiat  Ifotora  during  whleh 
tho  following  points  ««re  ralsod« 

U  toi> 

Düring  a  vislt  to  at  liuenohcn  All&oh  Br«  Heriesath 

aontionod  eharaoterlatios  of  rooketo  548  and  058  as  boing  1000 
Ei lo/ tonn*  aoo«  and  109000  Eilo/toune  bgo#  vfont  me  tho  usual 
Oerraan  method  of  apeoifying  thruot,  and  oould  v«  Braun  explain 
tho  abovo  figurost 


Anomer« 

So  «ao  not  f aal  lior  «ith  tho  muaÄiero  540  and  556« 

I  o  explained  that  they  «er©  nitrio  meid  toaka.  AA  imito  *3tui 
opooifio  thruot  io  al«ays  given  as  grnaaeo/Eilo •  aeo •  lTbus,  £©? 
A  4«  tho  thruot  io  4,75  gmaneo/Eilö^seo«,  ©qulvalent  to  a 
▼olooity  of  fOfO  metroo/öoo« 

Braun  oould  not  under stand  tho  figureo  glven  by  Dr«  Hoaeoath, 
and  ougxeotod  that  follo«lng  tho  proooduro  noroally  uood  ^ith 
"poxder"  rookoto,  tho  ftguroo  might  roprooont  tho  aroa  of  tho 
thvuot  um  ©um«  <*ig«  1 

(b  It  mi  aontionod  that  ln  England  mo  had  run  a  thruot  aotor 
on  lt4sl  Oxygoar  ALoohol«  t«  Braun  aokod  «hy  thio  «ao*  ooolng 
that  thoy  uood  1*0,85  ( 1,175t 1  on  tho  A  4«  tho  stolohlomotrlo 
ratlo  belog  1*0,64  Us50:l«  ool«  Oeliin  quoried  thla  figuro, 
oaying  that  for  jStCS  tho  stoiohlometrio  nt  io  «ao  &»09:1,  hui 
«ao  reolndod  that  tholr  fuol  ooutalned  95,  aioohol  h  05  «ater« 
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JBraun  drew  two  dürres  v  RT  againat  fuaXz  oxygan  rat  io  ohowlog 
tha  paah  at  t&G  atdloixio^trio  rat  io  at  0»64  £or  oxygan  and  ml 
«*$11»  while  fcb  idaond  ourra  had  tha  paafc  at  0*85  for  0Ä  and 
f5^  »OS  Plus  Z5r  mW*  Wg  II.  * 

Ton  Braun  desaribed  tha  Waat  aa  09 

stera 


f /-cg-»-*?-  x 


wfeera  R 




p 


K 


v/rt 


Gr  !  ! ! 


( ^  'Ip?JJl*L  i-tl-  ) 


(e  n^y«  3hera  ms  tha  flaaa  örontT 


Bight  ab  tha  burner  oaps  and  posslbly  abaoat  inelda« 
v»  Eraun  agreed  that  tor  ooollng  it  ms  deslrable  to  fceep  tha 
£ l&zd  amy  troa  hurnar  and»  tut  polnted  out  that  ln  dolug  so  g 
lass  q£  affloleney  reeuXted*  Xha  eaarburatorTt  burner  oups  trera 
iULj  essential  patent  and  forraed  tha  baals  oif  all  tha  "A*  «erlas 
Oa  weapoas* 

Cd  ^uarr* 

Bad  thcy  dona  bettor  than  4»75  grarasas/Ki Xo «  saa  7 
Anamr* 

On  tha  tost  bod  thay  oovld  da  4*5  ga/£iXo*aaa*  (S1I**  £32 
tut  for  operational  purp© saa  4» 75  ms  ada^uata* 

(a  .uarr# 

Had  thay  «vor  triad  using  gaeoiina  inataad  of  alaohalt 


£&££S> 

Xaa*  ln  1955»  but  tha  aoabuatlon  «aa  poor  -  arerytody 
ln  tha  t«3t  ertand  got  dirty  with  «urbon*  tut  tha  aoet  iaportant 
polnt  w.ta  that  patrol  ms  provad  to  ba  a  vary  bad  aoolant»  tar&lug 
to  gas  and  gl/a  unaran  oooling* 

<*  'Shsu&uil  ««Mit» 

i*ha  graphita  was  tha  aas»  aa  uscd  for  alaotrodaa«  As  tha 
b indes  in  tha  gusas  war«  aiqplo^ed  to  glva  stabil ity  until  a 
sufliaient  valoolty  aas  raaohad  to  enabla  tha  outer  bXada«  ta 
naautaa  oontrol,  1t  had  baan  fouad  that  oak  bXada«  aould  Xast 
iong  anough* 


te 
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fhis  yug  ::ot  neooü3  -uv  imt il  the*-  eiaployed  hi^h  initial 
t<  rcpcr  .’turca«  Jivou  tLMi  tho  nuttust  surf?  oea  Kid  ourf  oe 
eoellng«  rhey  had  tried  weuturi*  of  yarioua  metula«  inaluding 
molybdenua« 


(h 

In  4  1  &  A  £  the  fluide  wer e  gas  esfpellel,  hör  did  he  like 
pushing  out  liquid  0£  rith  nitrogen? 

s> 


Vary  diffieult  and  expansive  wlth  gaa*  In  Order  to  avoid 
oondensaxion  you  nrnst  prevent  the  IL  fröm  bubbling  through  the 
liquid  0*«  1?hia  had  been  achieved  Sy  iutroduolng  the  Jf*  through 
twe  epposSed  Jets,  klg«  3#  1‘hia  pretouted.  the  ni trogen  Jet  froia 
i mp inging  on  the  liquid  o£  surfaeo«  Cel«  Go 11 in  ueatloned 
.plstoris»  tut  it  ttus  pointSd  out  that  in  theee  e.r  ly  ino&cls  the 
fluid  oontainsrs  ?*ere  spherloal,  and  henoe  a  piaton  ma  ipo33ibie. 
They  had,  höherer*  uaed  small  woden  balle  to  eover  the  orygen 
snrfaee*  $hoa  the  surfaoe  wie  uear  the  tcp  of  the  aphere  or 
the  bot  tos»  the  balle  bunohed  together,  tut  t  the  "equator"  they 
«pread  evenly  over  the  nur face  «zposcd*  ‘-‘hese  ball 3  did  ::ot  Lpear 
to  be  gcntnlly  usod*  (Fig«  Z  • 


(1  Ooabujtlon  oharsbcr  nroasure  in  A  4» 

oniy  15  «tiaospheres  wub  uaed  in  the  operational  A  4 
ooabustion  ohanber»  Braun  drcro  a  aurve  ahorlng  thit  he.  wua 
arare  that  vith  higher  preaaurc  tfrcpa  bettcr  “Inpulaes  0"  oou  Id 

be  obtained  (Flg«  4  • 

(i  ümab. 


fthy  did  he  not  in  au  late  the  liquid  oxygen  tank? 

Analer» 

Latterly  et  the  request  of  the  troops  it  wua  tried  beoauue 
while  they  normal  ly  fired  aa  aoon  ae  the  liquid  0©  was  in  the 
maohine  and  henee  uvoided  Corporation  loaa,  owing  to  air  raid« 
eometime«  the  machine  had  to  st  md  filled  for  a  prricd.  ''a: 
ptrieaoe  ehorod  that  tho  Lagglng  irarc  .sed  tho  ev-voratien  lose 
due  to  the  ho  it  oapuoity  of  the  lagglng«- 

(k  D14  they  fill  by  the  0£  pressure  or  by  pumpt 

Answer« 

By  pump  ln  IS  mlnutes«  0«  pressure  traaafor  waa  awolded 
besaust 
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( 1  Th®  ta&ks  ori  tbo  mggon  had  t©  ho  mode  stronger  to 
Stand  the  pressure* 

(S  On  .reie  sing  th©  pressure  a  ölend  of  y&pour  olo&tly 
visible  ms  releaaed,  rhioh  ms  obJeotiQmble  t©  the  troop». 

(S  J>TG3m?Q  tr unsrer  wie  rasteful  ©T  0Q  as  at  tho  ead  ©so 
(p}*35^  3  eonsiderablo  quantity  ©f  0^  vapour^at  high  pressure 

(1 

vith  referenoe  to  air  bursts,  did  ho  think  the  afcin 
temperature  reaohed  the  Stagnation  teaperatureT 

ämzsi* 

Zo9  heeauee  (1  the  film  to;aperciture  ma  only  the  raMr» 
air  te^eratrre  k  f  ictor  v  ^  */p  Thia  Taotor  hoing  ^  Tor  a 

plate  at  right  angles  to  the  air  atroais  and  0,86  Tor  a  surTaoe 
parallel  to  the  air  etreaia#  (J’ig*  6  • 

Häring  got  the  filra  to^er-ture,  one  eouid  oaloulato  the  ©quill 
brltin  metal  aurfacc  tecaoerature* 


Metallurgioai  exanination  o T  the  raetal  after  exploolon  meuld  giro 
an  expggfratoil  flgure  hecau,*©  after  the  exploalcii  the  platt,  rould 
he  heated  on  both  oldes:  also  the  velooity  after  the  explosion 
voald  he  higher  fchai.  the  projeotlle  veloolty*  They  had  neasured 
hjr  radar  the  ekln  toanerature  a»  the  projeotlle  feil  through  the 
aisosphere  ^id  had  cheoked  th*t  it  '  id  not  ©xoood  690^0  • 
v#  Braun  oved  hls  Ille  to  the  fast  that  a  rooliot  ehloh  oa®  Talling 
baok  on  the  launohing  alte  huret  ln  the  air« 

tm  '^nery* 

The  overall  denslty  oT  the  loaded  rookot  was  rery  low  about 
l/3rd  water*  Had  they  iuproved  thls  toy  uelng  the  ekln  as  tanket 


Thie  was  den#  Tor  »asaerTaU*  hut  Tor  a  4-larger  tanke  eouid 
ho  ueel*  The  uao  ei  tho  ekln  u  tank  presented  dlffloultloa  due 
to  the  high  external  exoess  preeeure  *4en  Talling  with  oopty  tanke* 
f#  Braun  drow  a  ourve  eho^lng  tho  externul  prosaure  dletrlbutlon 
otot  tho  projeotile* 
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Th«  high  praaaure  iro^d  tha  noae  oouid  through  a  lo&fe  iu  th« 
nk$j&  hui  Id  up  a  praamir«  on  tha  leading  mcrfaoo  of  tha  internal 
%mM&  oausing  a  reaultant  thruat  to  tha  reor  r?hioh  uight  oauaa 
tha  tank  ta  mor«  aoa  afeatoh,  Plg*  7« 

(n  Huarr« 

On  A  4  tha  ratlo  of  T  Stoff  tank  oapaoity  ta  Z  Stoff  taufe 
oapaoity  ‘  ®  85*1  i*a«  lß«5tl  by  Toluaae*  on  tha  othaf  hsuad*  on 
OJaI  T*Ü«n«  and  H*2  *  893  tha  ratlo  was  83*1« 


imm.* 

On  A  4  it  ia  «aaential  %hat  th«  atean  ta^ar&tur«  to  tha 
turbtne  befcept  oo  staut«  Tha  oonoantrition  of  th«  H0Q3  aoy 
irary  tut  thla  oan  ha  oompanaatad  by  altering  tha  oaloiuxa 
paraanganate  solution  by  puttlng  in  aore  or  lass  water  aa  requirad« 

(a  Tha  *AU  woapona  will  hav«  thair  rang«  extended  by  tha 
a&ditioa  of  vinga  (fixad  whloh  anahla  th«  roofeat  ta  do  a  long 

fllda  st  conoluslon  of  tha  powar  etroEo*  Thay  har«  daeldod  that 
ha  danslty  of  tha  atmoaphore  at  helghea  ia  auoh  that  roofeeta 
wauld  not  gUde  satisfeotorlly  irora  oy«r  30  £jb  iu  iiaight  (i«o« 
about  100*000  ft«  Tha  tra^aotory  of  tha  po^ar  atrofea  of  thasa 
roafeat  launahad  projeotllea  would  ha  ln  tw©  parts  and  baut  ©tot 
auah  lower  than  tha  nutural  trajaotory  of  A4  (See  afeotoh  £  # 

Tha  ©oabinad  gilder  A  t  plus  roofeet  hoost  A  10  ia 
illuatratad  («feetoh  f  A  10  would  o parate  at  800  tennaa  for  50 
eeeon&s«  and  tha  A  0  at  85  tonne«  for  68  seoon&a«  tfeioolty  «t 
and  of  l&unah  1800  »/aeo«  and  at  and  of  powar  atrofea  28GG  u/oee« 

It  followa  that  lf  A  0  la  used  alo.no«  ito  valoaity  at  tha  and  of 
tha  powar  atrofea  would  b«  1600  ®/oao 

(p  tmcrr« 

014  tha  Profaeaor  thlnfe  that  tha  gaaaa  belng  ln  «quillbrius 
at  high  tesperature  ln  tha  oombustiou  ohamhar  reeomblneä  during 
th#  expanele&t 


Answar« 

Thay  had  sampled  tha  gaaaa  la  tha  oorabuatlon  ehaa&ar  hy 
Ornat  threugh  highly  oooled  tubaa«  Thay  M£ro»«w  tha  gaa  aixturo« 
By  thla  maans  thay  ohaofead  that  tha  gas  ln  tha  oomhuatlon  ohuabar 
at  high  teraparatirra  reaohad  «quiiibrluui  atate» 

m?m  tlaa  to  tino  ara m  trlod  to  aaplaln  ln  Engliah*  ln 
whloh  langu&ge  ha  wie  falrly  luold»  Ha  wae  vary  oo operativ«  «nd 
•eemed  Y«ry  plaaaad  ta  dlaaua  i  hlo  past  taohniual  dlffloultlas 
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*ith  a  ’-orla.T  ln  thc  3*ae  /talä.  1t  was  :;sree&  to  ooi-tlnue 

th«  eouvereatian  at  &  later 
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KURVE*  QF  DEV&IOPMENT  0 F  I.IQUID  ROCTETS  IN 

OBKMANY  ANS  THE  IE  EUTURE  PR05FECTS 

By  Prof«  w.  von  Braun 


1  Wo  conaider  the  A-4  atratoapheric  rockot  developed 
by  ua  (known  to  the  public  aa  V-2)  &  >  an  Intermediate  ao~ 
lutlon  condltloned  by  thlawar,  a  solutlon  whlch  still  has 
certaln  Inherent  cominga,  and  whloh  compare»  with  the 
future  pocslbilltlos  of  the  art  rought  ln  the  same  way  aa 
a  bomber  plane  of  the  laat  var  comparea  wlth  a  modern 
bomb  er  or  large  paaaenger  plane«  We  are  convinced  that  a 
complete  maatery  of  the  art  of  roeketa  will  change  ccn- 
dltlcna  ln  the  ^orld  ln  much  the  aaae  way  as  dld  the 
maatexy  of  aeronautle  and  that  thls  ehange  will  apply  both 
to  the  elvlllan  and  the  mllltary  aspects  of  thelr  uee.  We 
know  on  the  other  hand  from  our  past  experle  nee  that  a  com- 
plete  maatery  of  the  art  la  only  posalble  If  large  suma  of 
money  are  expended  on  lta  development  and  that  aetbacka  and 
aacrlflcea  will  occur,  euch  as  waa  the  caee  ln  the  develop- 
ment  of  alreraft« 

2m  A  few  private  groupa  of  lnventora  atarted  aerloue 
work  on  liquid  rocket  development  ln  Geraeny  ln  the  yeurs 
1929 -1950 •  One  of  these  groups,  ealled  "Rocket  Flying 
Held  Berlin*,  located  at  Berlin-Reinickendorf,  had  Prof« 
Dr»  von  Braun  aa  a  atudent  anong  lta  mofibera  •  Simple 
fundamental  teata  wlth  rocket  combustlcn  cfcambera  were 
carrled  out  there,  and  amall  uneontrolled  liquid  roeketa 
wera.  flred,  whlch  reached  helghta  up  to  10C0  metera,  end 
landed  by  meana  of  a  parachute*  At  the  end  of  1932,  the 
work  of  theee  groupa  was  alowed  down  by  lack  of  cash,  but 
the  Anqr  Weapona  Department  wae  Intereated  ln  carry  Ing  on 
the  work,  end  took  over  the  aervlcea  flret  of  Prof«  von 
Braun,  and  later  of  most  of  the  other  englneere«  Thls 
special  dlvlalon  of  the  Army  Weapona  Department  waa  put 
und  er  the  dlreetlon  of  Dr«  Zng.  H.C.  DORNBERGER,  end  the 
flret  rocke te  developed  by  them  were  dealgned  aolely  for 
experimental  purpoees,  end  were  of  ne  »ilitary  value.  In 
1934,  liquid  roeketa  of  the  "A-2"  type  were  aueceaafully 
trled  out«  Shey  had  a  thruat  of  300  kg«,  were  directly 
•tablliiad  tey  meana  of  a  large  gyro,  and  reached  a  helght 
of  apprcicimately  2000  metera.  In  1938,  the  flret  trlala 
were  cars*ied  out  wlth  liquid  rookete  of  the  *A-3"  and 
A-5"  t;‘pei,  whlch  were  fltted  wlth  an  automatic  control 
■yate«  and  ruddera  ln  the  gae  atraam«  Theae  roeketa 
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•\ 

reachod  a  heigi.t  of  12  km*  «hon  flred  xerticslly,  and  had 
a  ränge  of  18  km*  Vbm  fired  at  an  angle»  They  could  laad 
ln  both  oaaaa  by  means  of  parschute,  and  ba  uaed  agaln« 

3*  In  view  of  the  suecessfnl  resulta  achiaved  vlth 
liquid  rockets,  it  was  d edded  in  1936  to  bagin  wltb  tho 
ccnstraction  of  a  large  experimental  eatabllfibment  for 
rocket  dovelopment  at  Peenemünde  ©n  the  Baltic*  It  was 
elresdy  recognisad  at  that  time  that  tha  development  of 
rocket«  showed  graat  prodse  in  tha  fiald  ©f  aaronauties 
aa  wall  aa  ln  that  of  artillary,  and  it  was  therefore  de- 
ddad  t©  build  two  separate  astablishmenta  at  Peenemünde, 
wie  fer  tha  Armjr  and  one  for  the  Air  Force,  whleh  are  two 
dis t inet  branebaa  of  tha  Wehrmacht  in  Germany.  At  Peene- 
snmde-Oat,  eompr  ebene  iv®  teat  bada  and  eork-ahop  faciliti aa 
were  set  up  for  tha  constructlon  and  testing  of  rocket 
drlves  and  Controls,  whilat  at  Peenemunde-West  an  alr fiald 
wae  built  for  testlng  rooket  alrcraft,  and  pllotless  recket 
prepellad  aircraft,  aa  wall  aa  auxlllary  drlves  for  Standard 
alrcraft,  auch  as  rocket  asaiated  take~off  devices*  The 
eoat  of  conatruction  of  the  coaplota  Installation  at  Feene- 
■»de  totallad  approxims  tely  300, 000, 000  Marks  after  cos* 
pletlon»  Ibia  eloao  proximity  of  tha  rookat  development 
work  to  the  aeronauticel  development«  is  ene  of  tha  Prin¬ 
cipal  reasens  for  tho  suceess  of  tha  werk  undertsken  at 
Peenemünde« 

4»  The  following  conaldarationa  wart  dacislva  ln  the 
cholce  of  Peenemünde,  and  thaaa  eonslderatlons  will  alwayi 
he  important  when  ebooelng  a  sita  for  rockst  development 
werk: 

a)  Secluded  Position,'  far  away  fron  large  towns 
(Safety  du  ring  launehing,  nuiaa nee  cauaed  by  nelae 
ef  large  teat  bede)« 

b)  Favorable  weather  condition*  (during  firing  and 
fllght  trlala  of  rooket  and  rocket  alrcraft,  blue 
ekle*  are  alweya  deslrable)» 

e)  Heasonabl y  eatlafaetory  oenMunicetione*  The  de¬ 
velopment  work  necessltates  constant  eloaa  oon- 
taet  between  development  englneer«  and  certsin 
branchea  of  induatry» 

5«  The  auecesaful  experimental  reckat  *A«  ", 
prevloualy  mentloned,  fcad  a  thrust  of  1500  kg»  laetlng-46 
aeeonde»  Baaed  on  tho  reaulta  obtalned  with  the  rocket. 


248 


the  order  was  glven  to  develop  a  long  dlstance  rocket  with 
a  ränge  o f  ?50  km.,  as  high  an  aceuracy  aa  poasible,  and  a 
warhead  welghlng  1000  kg*  Ibis  rocket,  knovn  as  aA-4M  waa 
first  launched  successfnlly  ln  October  1942.  The  haa 

a  thrust  of  25  tone,  for  combuatlon  perlod  of  68  aocondc 
tnex.  It  la  flrod  verticplly  frort»  a  flrlng  tsble,  wl  thout 
guidea  ol  any  aort,  aa  wea  tfce  caae  wlth  all  the  previoua 
roeketa.  The  speerlng  of  the  rocket  to  en  lncllned  noaltlon 
la  sffected  by  raeans  of  a  ^Programme7*  apcarstua.  The 
lateral  direction  1s  determined  by  fcke  exact  aettlng  of  a 
turntable  on  the  flrlng  table*  The  exact  ran^e  ls  detsmined 
by  ahuttlng  off  the  propuls  Ion  unit  upon  resching  a  prev- 
lously  calculated  speed* 

6*  The  development  of  the  MA-4W  requlred  a  great  num- 
her  of  prelimlnary  scientific  investlgatlons,  the  nost  Im¬ 
portant  of  ah  Ich:  are  brlefly  outllned  belov: 

a)  Wind  tunnel  teste  at  all  ranges  of  alr  speeds  be- 
twaen  0  and  1500  meters  per  second*  Durlng  these 
teats,  auch  factors  as  the  etablllty  of  the  rocket, 
the  dlotributien  of  the  alr  pressure,  the  working 
of  the  rudüera  and  eeversl  more  trere  lnveetl^ated, 
apart  from  the  dreg  meaauremente,  both  wlth  and 

wl thout  exhaust  ges  stream*  Both  the  supereonle 
srlnd  tunnel  and  the  meesurlng  wetfcode  hnd  to  be 
developed  over  a  perlcd  of  yesrs  of  herd  werk* 

b)  Teat  bed  Investigation»  on  the  conbuctlonchambar 

of  the  i‘ocket ,  and  on  the  eomplete  propulslon  unlt* 
Thls  tco  necesspi teted  the  development  of  approp- 
rlcte  test  beds  and  wensuring  metfcods. 

c)  Investlgatlons  connected  wlth  the  steerlng  of  the 
rocket  at  all  rang es  of  alrspeede  covered  by  the 
rocket.  For  tMe  purpose,  e  special  technloue  of 
modele,  reproduclng  the  attltude  of  the  rocket  in 
flight,  was  developed. 

d)  Development  of  ^easurlng  methods  for  plottlnw  tfce 
eomplete  flieht  path  of  the  rocket. 

e)  Investigation  connected  wlth  the  lnfluence  of  the 
©»haust  gas  Btream  on  the  wlrelees  comrunlcatlon 
betifcoen  rocket  enc  ground,  otc. 

_  ,?•  In  vlew  of  the  incrcaslng  strength  ln  th«e  numbers 
of  light  alrcraft  in  England,  and  tbe  resultlng  Inereased 
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losee®  ©f  borbera  operatlng  agatnat  England»  ordera  wer© 
feiven  et  tha  and  ©f  1942  to  produce  tbe  ‘  4r  rocket  ln 
qu&ntltla«  •  The  accuracy  of  at*  waa  atlll  unaatiafaetory, 
anci  litiited  tb©  use  of  tbe  recket  to  large  erea  t&rgets» 
formest  o f  which  waa  London.  ??e  verth#  lass,  some  60  to 
65 » CCv  drawing  modif  IcfetioriS  wer©  requ Ire d  before  tbe  flrat 
experlnental  A-4  rocket  beeauie  a  real  aerieus  production 
Job.  Tiiis  inclcutes  how  *nany  absolute  ly  new  Probleme  aroae 
cur lug  the . trlala  of  the» A-4*  t/hich  was  aubjected  to 
hltberto  unktjown  physical  condition«* 

6*  Sfe&nwhlle»  the  devolopinent  eide  was  attempting  to 
isiprove  the  accuracy  of  .ala  of  the  rocket*  To  this-  end» 
radic  gu*de  beam  devlcee  wer©  developoa  to  Ircprove  the 
latoral  direct Ion»  and  improved  propulslon  unit  cut-off 
devlces  to  reduce  tbe  dispersion  ln  ränge*  These  Iraprove- 
mente»  however»  were  Incorporated  ©perstionally  on  a  small 
scale  only,  and  were  in  use  cbiefly  in  the  et  tack  on  the 
harbour  of  Antwerp.  The  original  bbjeetlve  of  further  de- 
velcpcont  was  ,to  produce  long  distance  rocket«  of  greater 
ränge*  It  ehould  be  noted  her»  th»t  the  maximum  rongea  up 
to  480  lcm  0  were  ^cklevec  thanke  to  certaln  improvementa, 
hlch9  however,  never  eame  into  operational  uae.  Certaln 
A-4  roekets  were  ueed  to  carry  out  vertical  trajectory 
tralls»  and  a  maxlmuzn  ceiling  cf  172  km.  was  reached  durlng 
ttese  trial«. 

9.  It  was  planned  ln  the  Spring  ©f  1946  to  give 
vertical  ly  fro»  an  Island  eltuated  near  Peenemünde  a  few 
A-4  rocket«  equipped  with  special  Instruments  for  research 
into  tbe  top  leyer  of  the  atmosphere.  The  steaaurlng  ln* 
strumenta  were  sot  in  a  watertight  Container  tsapeble  of 
floating,  which  was  to  have  deacended  by  parachute*  Thla 
project»  all  preparatious  for  which  were  eorepleted,  eould 
not  be  carried  out  on  account  ©f  nllltary  eventa.  It  eould 
be  den#  ln  a  ehort  time»  h owever,  with  «ome  of  the  A-4 
roekets  atlll  at  hand* 

10«  The  problea  of  lncreeelng  the  ränge  of  the  A-4 
efter  completlon  of  the  A-4  development  Programme  eould 
only  b#  earrled  on  at  a  great  ly  redneed  rate»  aa  the  de¬ 
velopment  of  a  gulded  antl-alrcraft  rocket  wae  glven  first 
prior lty  and  abaerbed  moat  of  the  personnel,  ln  consequenee 
of  the  incresslng  air  auperiority  of  the  Allles*  A  roeket 
for  thla  purpoae  was  developed  at  Peenemünde»  bearlng  the 
eode  name  "Wasserfall**  This  rocket  was  also  propelled  by 
liquid  fuel  and  eould  be  gulded  by  redlo  from  the  ground  on 
to  flying  targets*  Verlous  auooeeaful  taste  were  Oarrled 
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•ut»  but  «orioue  productlon  o f  the  weapon  mm  not  achte ved» 

11«  i  further  developnent  of  tbo  A-4  long  dlotance 
rocket  1«  the  *A*9%  oa  whloh  «orte  m  den«  u  für  u  tbo 

priori ty  werk  ©n  "Weaeorfall1*  would  allow-  Tbc  pro pul* Ion 
unlt  wo«  tbo  asm«  oo  for  4-4*  Th«  A-9  rockot»  however, 
bod  wing«#  «bi eh  enabled  it  to  gllde  through  tbo  atrato- 
ophoro*  TM»  «nahlod  tbo  fligbt  patb  to  b«  increaood  to 
auch  an  ex  tont  fchat  tho  ränge  of  tbo  /*-$  was  noarly  double 
that  of  tbo  4-4»  v.e*  approx-  ÖOG  k®*#  not«! tba taniing  tho 
faet  that  th f  fuel  conaumptlon  of  tho  A-9  was  no  groator 
tb&n  that  of  tho  A*4»  development  could  not  b«  coopleted 
on  account  of  the  end  of  the  war«  Special  control  devlces 
would  havo  glven  tbo  A~ö  at  loaat  tbo  bbjlb  aoeuraey  aa  tho 
A-4*  It  waa  proposed  that  tho  weapon  should  go  infco  a 
vertleal  dir«  at  tbo  end  of  tho  glide»  «iaiilar  to  that  of 
tho  V-l. 

12m  Aa  a  further  development»  it  was  intended  to  de- 
olgn  tbo  A-9  wisged  rocket  to  carry  a  crew.  For  tbat  pur- 
Pose»  tbe  rocket  was  to  ba  equlpped  with  a  retracting  unüer- 
earrlage»  a  presaurlsed  cabin  for  tba  pilot»  manually 
operated  steering  geor  for  use  ^when  landing»  and  aoecial 
«orodynanio  alda  to  landing.  Ibo  landing  opeed  of  thia 
piloted  A-9  rocket,  would  have  been  aa  low  aa  160  Ist  per 
hour»  ii  it  would  bare  eontained  very  littlo  fuel  on  land¬ 
los*  and  would  conaequently  have  boen  light-  Thia  pilotod 
A-v  rockot  would  cover  a  dlstane«  of  600  k».  in  approx. 

17  mlnutea. 

16*  Tbe  rang«  o.f  tbe  A-9»  both  in  the  piloted  and  tbo 
pllotloae  veralona,  could  bo  incroased  conaidorably  if  tbo 
propulaion  unit  wer e  awltchod  on  only  aftar  the  rockot  had 
obtalned  a  eortain  initial  veloelty.  Thor-  wer«  two  poa- 
olblo  weya  of  0  chi  er  in  g  thia  end* 

•)  TTao  of  a  long  catapult  with  only  «  «light  gradiont» 
which  would  havo  glven  tbo  rockot  on  initial  ve- 
locity  of  approx.  SSO  V  ee  Thoro  Was  oxperionoo 
of  thia  type  of  ootapult  to  band  at  Paanomunda»  aa 
auch  a  ca t spult  öeveloped  by  an  Induatrlal  firn  foi 
lannehlng  tbo  V-l,  waa  trlod  out  at  leoneaunde. 
Experl enco  ahowed  that  catapulta  could  bo  bullt  foi 
3auncblng  at  auporoonlo  apoad-  Thoao  high  opoeda 
are  essential  for  rocket«  auch  aa  A-9»  bocauae  tho 
rocket  ia  eompletely  flllod  vitb  iUel  at  tho  otart 
M  would  not  Hy  if  it  loft  tho  catapult  at  lower 
gpaodo« 


t 
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b)  Development  of  a  large  aaalsted  take-ofi  rocket 
of  200  tona  thruat,  o n  which  tha  A-9  rocko.t  would, 
be  roounted,  and  which  wouid  glve  the  lattar  an 
Initial  veloclty  o t  1200  meters  per  eecond«  After 
tha  asslated  take-olf  rocket  haa  exkau&ted  Ita 
fuel,  tha  /.-&  would  becom©  sep&rated  from  it,  and 
lt.8  own  propul elon  unit  would  be  switched  on«  Tha 
^axlinur?  apoed  of  the  A-&  et  the  ond  of  Ita  power 
drlve  undar  these  condition»  would  be  approx.  2800 
cetera  per  aoeouö,  wbioh  would  maah.that  thia  com- 
binatlon  eould  giv©  the  A-9  a  rang©  of  epprox* 

5009  krr.,  both  ln  the  piloteC  and  the  pllotlesa 
versiona*  Tha  large  asslsted  take-off  rocket, 
called  "A-IO",  was  to  be  equipped.  with  alr  brakaa 
enö  a  »pacial  parechute,  which  would  have  enabled 
lt  to  b©  uaed  agaln  aftar  allghtlng  on  water. 

c)  lt  was  propoaeö  to  launch  the  A-ß/A-10  coajbinatlon 
vertlcally,  thus  obviatlng  tho  hecessity  of  erect- 
ing  large  ground  launching  devices. 

14»  In  the  mor©  dis  taut  future,  tha  development  of 
liquid  rockats  offar  in  mir  optn'lön  the  follewlng  possl- 
billtlea,  soire  of  which  are  of  tremendoua  algnlflcance: 

a)  Development  of  long  ränge  commerelal  planes  and 
long  ränge  bo^bera  for  ultra  high  speeda.  Tha 
f light  duratlon  of  »fast  rocket  »ircraft  golng 
tmm  Europa  to  America  would  be  epprox*  40  mlnutea* 
lt  would  even  be  possibla  to  build  very  Iqng  rang# 
bombera,  which  would  tum  round  at  superaonlc 
epeads  ln  &  very  wide  curva  alter  havlng  ralaasad 
their  boiabs,  and  return  in  a  gllda  to  land  at 
tfceir  point  of  departure,  The  high  speed  of  such 
eircraft  would  riaka  dafenoe  agalnat  them  ineffeetlv© 
wlth  present  dey  meana . 

b.  Ccnstruction.ofmulti- stage  piloted  rocket»,  which 
would  rasch  e  maximus  »peed  of  ever  7500  «etera  per 
aeeord  cutalde  the  e&rth's  atmoaphere.  At  auch 
s paed s,  the  rocket  would  not  return  to  earth,  aa 
gravi ty  and  centrlfugal  force  would  balanoe  ©ach 
ofcher  otat..  In  euoh  a  ceae,  the  rooket  would  fly 
along  a  gravi tetional  trejectory,  wlthout  any  power, 
eround  the  earth  ln  the  semo  way  ea  the  moon.  Ac- 
cerding  te  the  difference  of  the  trajeotory  fron  the 
earth,  the  rocket  could  complete  one  olrcult  eround 
the  earth  in  any  time  between  lg  houra  and  atveral 
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daye.  7b©  whnl©  o f  the  *f«rth*8  ©urfrr'©  could  bo 
con timioualy  cbaervod  Inu*  auch  i*  rocket,  i'ho 
crow  could  bo  e<-i u i pp cd  wlth  Vi,ry%  pewerzvl  ttio- 
ucopee,  and  oe  f  .1«;  tc  obtorve  oven  Br.-ül*  objecta 
euch  f»o  ah'ipa,  Irrtbftrv.a#  troop  troverrent»,  cor- 
« tructicncl  work,  etc.  'ilcy  coulo  ©lao  curry  out 
physical  and  vntronpir.lcol  researeb  o«  probloira 
wiiJch  could  or.ly  bc  tacklcü  at  t>et  altltude,  uuo 
to  tho  abaence  of  tho  atnoaphere*  rih©  Importen©* 
of  such  an  "obaorva  tion  pl et form”  ln  the  aciantlilo, 
economic,  enü  militsry  aphersa  la  obvioua  •  Wthon 
the  craw  of  the  rocket  wi.n t  to  rotnrn  to  ©arth, 
oll  they  noed  do  la  to  redace  the  epeed  of  tho 
rocket  a light ly,  which  ctm,  ho  Oona  by  rocket  pro- 
pulaion«  Tho  rocket  then  entere  tho  uppor  layera 
of  the  fttmoaphere  tangontically,  and  Itsapoed  la 
gradually  reduced  by  irlctlon.  Finally,  lt  can 
Innd  llko  an  ordinär y  aeroplano  by  moans  of  win*a 
and  eux6  X  iary  gear*  It  would  also  bo  poaalblS'to 
rollove  tfco  crew  and  Provision  tho  "obflervation 
platfor«"-  by  mcana-cf  another  rocket,  which  would 
clif*b  up  to  tbo  platforw  and  pull  up  beeide  it« 

c«  Xnstoad  cf  fcavimg;  a  rocket  aot  up  ae  an  nobaer» 
vation  platform1*  outaido  tho  oarth,  it  would  be 
pceclble  later  on  to  build  a  Station  specially 
Jfor  tho  purpoae,  and  aond  the  eomponenta  up  into 
tbo  interstellar  epacea  by  noano  of  rocket«,  to 
bo  oroct$d  there*  The  erecfcion  ohould  be  easy, 

©s  tho  componenta  would  have  no  weight  in  tho  6 tat# 
of  free  grevltation*  Tho  «ork  would  bo  ciono  by 
men  wbc  would  fleat  in  space,  wearing  diverfs  suit, 
and  who  could  move  at  will  in  apaco  by  me  ans  of 
sr&ll  rocket  propulsion  units,  ths  nozalea  of  wbieh 
they  would  polnt  in  requlred  direct  Ion. 

d*  Aceording  to  a  propoeal  by  the  German  Selentlat, 
Prof*  Oborth,  an  Observation  Station  of  this  typo 
ooald  be  equipped  with  an  enormous  mirror,  con- 
sieting  of  a  huge  net  of  Steel  wire  onto  which 
motal  felis  could  be  auspendod*  A  »irrer  of  this 
natur©  could  have  a  dlatDetor  of  many  kllometera, 
and  ifca  ccwponent  facets  could  bo  controllod  by  ths 
Station  whicb  would  ©nable  tho  hott  anc  light  of 
the  sun  to  be  oor.centratod  on  selectod  points  of  ths 
or.rthfs  surface.  This  would  enabl©  largo  towns  for 
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inatance,  to  get  aunilghfc  durlng  the  avenlng  hour** 
we&ther,  fcco*  can  be  lnfluenced  by  oyatamatic 
ccncantratlcn  of  the  aun*a  raye  on  to  dl Staat  lako» 
aM  eea*,  and  Increasing  thelr  evaporation»  The 
clouds  thuB  foxweä  coulb  b<sv  driven  to  the  requlred 
spot  by  influencing  the  centree  of  low  and  high 
prass uro  through  radla  tlcn -from  o£hsr  facets  of  the 
isirror.  If  the  mirror  la  n:aäe  large  enough,  and  lt 
cculd  be  of  oxtre^ely  light  ccostruc tlon,  It  would 
©yen  appecr  possibla  to  generate  deadly  degraea  of 
hast  at  certain  spotc  of  tha  ©arth?s  cur  face« 

e)  %hen  tha  art  of  rocket©  fs  devaloped  für fchor,  it 
*111, ba  posalbl®  to  go  to  otber  planets,  firat  of 
all  to  the  moorw  Th©  scientific. Import ance  of 
such  trips  is  obvlous*  In  thla  connoctlcn,  w©  aaa 
poeslhilitles  in  the  eombiri&tion  of  tha  wörk  dona 
all  over  the  .vorld  in  connectlon  with  tha  hamea* 
sing  of  stormic  energy  fcogether  with  the  develop» 
mont  of  rocfcets,  the  consequence  of  which  cannot 
yet  he  fully  predlcted« 


15*  To  conclude,'  wo  tfcink  öfter  what  hoc  been  aald 
abova,  that  £  wall  plsnnod  development  of  the  art  of  rockata 
will  h&ve  revolution'sry  conEoquehces  in  tha  ecientiflc  and 
military  spfcerae,  aa  in  that  of  civiliaation  genarally,  auch 
ln  tha  sarne  way  ca  the  development  of  eviotlon  hrs  brought 
ravo3utionery  changes  in  the  last  5ö  years.  A  propbec j  re¬ 
ge  rding  the  development  of  avlntion,  r&ade  ln  18§5,  and  cover¬ 
ing  the  na^t  20  ye&rs,  and  eorrespondltig  to  tha  aetual  facta, 
would  have  apreared  et  least  aa  ph&ntaatlc  tban  as  does  tha 
present  forecaet  of  tha  possibllitles  of  rocket  development * 
In  tha  ssme  vay  cs  the  development  of  aviation  was  not  tha 
work  of  a  single  man,  but  becanse  poasible  thsnka  to  tha  com* 
bined  experionce  of  many  thousends  of  speclallsts,  who  con- 
cantratad  exclusive  ly  on  thiß  ona  brauch  of  acianca  for 
yeers,  ao  the  development  of  tha  ert  of  rockets  will  requira 
a  aystamatlc  affort  oy  all  speolallsta  who  hava  galsied  ex- 
perience  on  thla  subject# 
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OaraJech-Partenfclrshen,  Maj  22,  V?4$ 


1 ff  US  g  Ul  K.TIltt*  foia!«  Wi  frrm> 

IntargogattefA  Br.  F.  Zwicky.  C.I.O.S.  1H3. 

Thtnfca  thet  the  developaent  of  the  varioua  Jet  devlcee  was  purely 
acoidental  and  vbUbivir  rut  (Rille)  the  peopls  wäre  ln  they  follcwwd  aa 
•  United  al^wUn.  At  Argus  there  was  Dr.  Goselou  (whon  Prof.  Braun  jCQom) 
who  wen  an  inflaentAal  person  (Argus  is  airplane  engine  factory)  Br.  3oaelea 
bad  large  etaff  of  eollaborators  wkom  Prof.  Braun  doea  not  kaow. 

Ob  the  teet  Stand  Prof«  Braun  has  seen  ©aly  ©ne  InterBdtt&at  coter 
(  3*«m  Bar*). 

SeheUt  (flwe  Brsaft  knrwo)  claiaed  tkat  a  fuel  conauaptioa  of  0*6  gr/Kg  x  eee« 
<M>uld  be  cbtatned  with  gasollne  as  far  as  Braun  ronoobore« 

(D^finitiont  kB&mbly  Une  «  Montagebau}:.  These  nay  be  of  the  type 
"Taktetraaee%  er  "TOiassband»  fcr  srtall  parts,  aw3  "Teufendes  Baud"  for 

larger  partft)« 

Does  not  knor  if  the  efforts  to  achleve  greater  ränge  wer©'  ti-Ied  ou  the 
baele  of  greater  fuol  eoonoay  or  on  the  baais  of  bulldlng  Lur^er  uruU  «wg 

better  deslga, 

Oe  aeredwete  Windtunnel  exparlraenta  wero  nade,but  rothing  w_,s  bio^ht 
to  a  practleol  oouelua Ion. 

Helaeriberg  verked  ob  the  chain  reaoüon  problem  for  V^y  (In  Berlin  • 
Dahle«).  (Wmm  #*%  Hoieenberg  ln  1942  du»  Inet  time) 

Thinks  thet  *%roia  ae  a  oonopropellant  « m  wrmr  uaed  in  aay  practleal 

darlee. 

State«  thet  ästenditaat  duot  aotors,  ln  spite  of  th»ir  laporianee 
wert  telatlweSy  mgleobed. 
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did  wm  io«  up  becsuee  lt  dM  get  cold  until  filling  b egea  «ad 
thon  had  a  lui<g  Taat  pipe  w>  atnor^haro.  A*  hm»  was  a  praa  .’*ra  in  <4»  Ql 
U*i)k  during  i'Uln^,  no  moisture  could  get  in«  Tha  riek  hehrerer  war  wore« 
in  wat  weathar*  Th»  rant  T»iva  wn»  made  to  sotto  two  functions,  it  oovOd  b« 
hold  ahut  by  ad  bot  would  also  net  a«  n  relief  ralva  openlng  and  siiuttlng  to 
preeerve  a  praaenre  of  not  raoro  than  two  a trnoaphoroa .  It  did  thia  öfter 
Srennschlue#  oee*us«  they  wantod  to  Tnintain  a  preasuro  in  ihn  tarJr  bc causa  it 
was  not  stroa#  anongh  to  withstand  an  axoesa  preesure  frora  outside  dua  to  tha 
dynanio  he»d  fro«  th?  welocity*  V 

Ho  hud  awoa  bald  that  ho  was  aad  to  try  to  |use  Rubber  or  Buna  bul  na 
provad  that  **w  Bona  ateoö  up  well  to  ti\e  low  temperature. 

TAgUN 

WK>ut  tha  empty  weicht  and  carriod^  von  braun  SüWüod  Vary 

va^uo  *-od  seid  that  tha  original  epaciflcation  oallsd  fer  a  thruat  of  900 
kilo  and  an  aoco3orstion  at  st.art  of  Ö0G,  Thc>  had  obtai-^d  *  Uiruf-t  of  600 
to  650  kilo  wai  an  aec.  of  60g.  He  tbcugh  tha  all  up  weicht  was  13  kilo  and 
tha  aee«  at  »wart  35g  and  at  »31  bm-nt  60g.  Vhen  skown  thü  Ccr.b,  ChawdMr  laad, 
ha  did  not  raeognia«  it  and  said  that  tt  did  not  raprecont  an  operational  riadal 
but  «Mi  prcfc;bly  »ada  by  tho  Order  of  onc  of  bis  assist&nts  who  had  libtrty 
wp*ri»#i*  fhe  ring  did  net  go  in  tha  Comb,  Chamber  but  tranafarrad  tha 
thrust  to  tha  frojeotile.  Be  knew  that  7alth--r  uaed  t&rgsts  but  did  not  ny» 
tha&.  ,v 

Diaeussing  1*  •  he  agroed  that  he  nornally  used  250  cns  ar  I00b  and  »grasA 
that  tha  L  *  foar  TAOTJJI  ans  wery  small  i.e.  about  30".  Tbey  eccopted  a  lo* 

S.I.  t»  get  >«or«  A*oo«  for  the  fuel  treues«  Taifun  probably  onlyx  produc  v*s  160  S«X« 
Yen  Braun  s^U  ihat  gtvan  ccrraot  »rixing  at  the  introductioa  of  the  fual»#  tha 

rast  of  tha"  wA*  chaiiber  did  not  matter  mich* 

m  iSSMä&M* 

it  Haldlargar,  ®it <f  tha  failuras  wera  du«  to  ti#  Tj>oop»,  ,He  wae  thera  whMi 
&*m  ta  a  fsal^r  alaefcrie  oonneetlon,  Brennachlues  toek  place  verv  early  and  tha 
rodrat  quickly  fall  ta  aarth.  Most  took  tha  right  direotion  but*  aosa  failed  ta 
band  tbair  aaar  and  weat  sfcraight  up*  Tha  l.H«  did  not  explede  ln  saoil 

easaa  es  it  wes  aert  yat  arraed  but  it  tau:  likeiy  to  go  off  due  to  haat  of  tha 
flra  aftsr  half  m  heur  on  tha  ground* 

fba  tarn  haagS  an  correot  inpaot  wer«  due  to  the  Mach  wäre* 
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Magnus  V.  Braun,  Diplom*  Engineer 


Qn  tha  ICth  of  Mst  1910,  X  wes  born  in  Greifsweid  (Pommern) 
es  the  son  of  the  go  Term»  ent  President  Magnus  Freiherr  V«  Breun 
end  hiß  Eaw»y  (Nee)  Qulatorp« 

Z  epent  my  youth  in  Berlin  where  I  attended  the  Prep  School 
end  the  Government  French  High  School  until  East er  1034*  Finally, 
I  went  to  the  Hermen  Liste  School  in  Spiekeroog,  Nordsee,  an 
agricultural  beerding  echool  where  I  passed  *y  final  examination 
Beater  1937« 

After  the  per  form ing  of  labor  aervice,  Z  began  et  the 
Nunioh  Technical  High  School  in  the  feil  of  1937,  with  studies 
of  ehemlstry,  especlally  organic  Chemistry«  After  the  con- 
•luslon  of  the  studiea  for  whieb  I  received  the  title  of  Li- 
ploma-Engineer,  Z  became  the  aaslstent  in  Organlo  Chemistry 
with  Prof«  Bane  Fiacher  (Nobel  Prise  wlnner  in  Chemie txy)  for 
i  year  until  Z  was  cslled  up  to  ths  Air  Force  in  Oetober  1949« 
After  the  completlon  of  flying  training  and  e  short  atay  aa  a 
fllght  inatructor,  Z  cama  to  the  Heimat  Artillery  Park  XZ, 
Karlahagan  in  July  1943.  In  Karlahsgen,  Z  «orked  with  Dlploma 
Chemist,  Heller,  ea  a  taat  bend  ohemist  on  the  aubject  of 
hypergolio  fuels  for  the  new  development  "Wasserfall"  in  con- 
junetlon  with  the  1.0.  Farben  Industrie,  Ludwig  ehe  fen  (Dr. 
Bauseaan)  •  in  Ootober  1943,  ny  brother  Prof«  Dr.  V«  Braun 
requeated  me  to  work  es  bis  personal  aaaiatant« 

Signet t  Magnua  V«  Braun 
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MmiUNDUMi 


INTiSRVIEW  kV  ITH  Hier,  DR.  THEODOR  DUCHHGLD, 


am*  Ref.  Bö.  SAlC/6»  13  Avril  1945  fer  res ult  of  prell»! nary  interrogation. 


CMBtftUoQ  *lth  ^MWUade. 

Dr.  Buehhold  «*»  sallad  to  Peenemünde  in  1939  along  witta  the  following  ptroosneii 
Prof.  Busch»  Bleetro-technisehne»  Parma tadt 
Prof.  Haltbar»  Xath.»  Darmatadt. 

Prof,  'Tagner»  Fh/s.  Chen.»  Darmstadt. 

Prof.  Häuter»  Kleetro-Tach.  (lieaaurementa)»  Darmatadt. 

Prof.  Blass»  Naab.»  Darmstadt 

Prof.  Thum»  hachine  Tools»  Darmatadt 

Prof.  Holmium»  Sohweohatron  Technik»  Dresden 

Prof.  Staahloin»  "  ■  »  Barlin  (nov  daoaaaad) 

Prof.  Faasbondar  *  "  ,  Barlin 

Prof.  Heidebruch,  Uaehimn  Blamsnta»  Draadan 

(Volmann,  3  tu*  bl«  In,  and  Faasbendar  also  ara  oonsidarad  to  bs  spaaialists 
in  Parnmalda  Technik.). 

Düring  tha  meeting  theae  soiantlats  wäre  told  about  tha  larga  acal»  daralopmsnts 
in  rocke t-propallod  idaailaa  and  wer«  given  specific  assignment# .  At  that  tlma» 

Dr.  Stainhcf  xis  tha  individual  at  Peenemünde  in  ety^a.  of  all  of  tha  alaotrlaol 
control  and  .nder  bim  Dr.  Friedrichs  vras  in  Charge  of  development  of  tha  ata  erlist 
Controls  (fcut  cot  of  che  Brennschluss  control)  Dr.  Ing.  Kirchstain  vaa  at  that 
time  working  wii£i  Fassband ar  in  Barlin»  wbara  ha  baoama  asaoeiatad  «Ith  development 
of  tha  r/f  Brenosehluss  equipment.  Ha  later  vaa  called  to  Paanamunda  and  put  in 
Charge  of  all  type*  of  Brennschluss  control.  Kaution  also  was  msda  of  Dir«  Thiel» 
in  Charge  of  all  sbealeal  work  at  Peenemunde.  Ha  was  killad  in  ana  of  tha  early 
bomblngs. 

Dr.  Ing.  Buchhaid  sag«  that  ha  «ent  to  Peenemunde  about  th ree  timea  s  year  on  tha 
average.  Ha  «ma  givsm  &a  hia  assignment«  the  proble®  of  dsveloping  s  frequemoy 
regulatlqg  dervloo  foar  the  rcotor  generators  ahich  «era  to  ha  uaad  to  supply 
500  qm  so  to  tha  eleetrioal  control  aquipmant»  and  tha  prohlem  of  finding  s 
satisfactcry  mathod  far  meaaurlng  tha  velocity  of  tha  miaaila  in  Order  to  detemlas 
tha  corraot  time  for  ahuttlpg  off  the  Jet  (Brennaohluaa). 

ngsaagjaohMt  fflwlrfnv 

Tba  subjoet  «as  asksd  to  drsv  a  Sketch  of  tha  Circuit  enployed  ln  this  davlaa. 

Hirn  Circuit  mol  swplsnstlon  was  aubstantially  tha  aaaa  aa  that  given  in  rapart« 

RAH  Bo.  XI  tgr  0»  X«  Bndscn.  Further  quastionlng  brou^ht  out  tho  faot  that  tha 
■n-matsl  smtnrmWe  seaetor»  «ara  ussd  bacauaa  that  type  was  alraady  availabla  fram 
wert:  ob  poatlng  sirsuits.  T«o  reaotora  in  sqries  wäre  uaad  in  ordar  to  aansal  tha 
so  oolt^ss  mhlah  ara  induosd  in  'tha  do  circuita.  The  familiär  "three-legged"  type 
of  conatfmetioa  aas  not  uaod  bacauaa  of  sxoeaslo#  laakaga.  1ha  remetea  «ara 
manufsettead  by  Tiers««  of  Hansa. 

BmaateggjaBttS» 

Ibis  probest  «ms  sagaxdad  as  cf  Vary  grämt  importanoa.  Flvs  different  institutiona 
«era  at  «nrk  ob  it  sloqg  different  linsa. 

Prof.  Fassbsndsr»  Inst,  ftar  Ingucga  Forschung»  Berlin»  sms  working  sm  S 
i/i  solntion  (Verdcppler)  «hieb  «aa  tha  first  control  aotuaUy  uaod» 
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Kroiaol  6«rato|  Berlin,  developed  th'.<  gyroscopic  typt  of  lnttgratlng 
aooeleroi&otor. 

Prof.  Buohheld,  Tach.  Hochschule,  Darms  tadt,  was  workiqg  on  an  electrolytio 
lnttgratlng  aooolersaater. 

lYof.  Suter,  Mb.  Hoch.  Dax-mstadfjr,  was  also  working  on  an  lnttgratlng 
aooaltroMtar 

Flraa  Ott*  Konpton  ln  Bavaria.  Typt  of  oontrol  not  aptolfltd. 

Xha  W/T  waa  aatisfaotory,  bot  complioated  and  known  to  bt  vulnerable  to  oounUu» 
tatasuras.  conaequonbly  oorutldorabla  pressure  waa  put  on  tht  aooeleronoter  mofhcda* 
Dr.  Buchhold’a  oontrol  was  eomplottd  at  about  tho  eamo  tlaa  aa  tbt  Kreisel  Gerat* 
but  waa  not  adopted  inoadlatoly  btcauso  1t  enployed  electronic  valvea  which  war# 
in  short  aupply.  (Ont  and  one-half  to  two  ytora  ogo).  Howevor  tho  fact  that  it  ia 
oonaldorably  morn  acourato  than  tho  gyroscoplc  type  (approx.  one  part  por  thou#  aa 
oonpared  to  fite  part a  per  thou.  accordlng  to  subjoot)  lead  to  Ita  balng  put  Into 
production  about  ona  year  ago.  Subject  aa^a  bt  1»  ceriain  that  tho  Controls  hstm 
boea  sanufaoturvd  .but  cannot  tay  whethor  or  not  they  havo  boen  uaod  opera  tionally# 
übo  dorloo  waa  divldod  into  two  part»  for  mamifac  tur  ing,  namely  tho  Bosskopf 
(aoooloratlon  neasturlng  inatruoont)  an!  tho  Netzteil  (elsotronic  clrculta).  The 
fOnwr  waa  wutufachrtd  by  Pirna  Stots  in  Eberbach  and  waa  to  bt  nade  ln  largor 
quantity  by  Siemens,  Vienna.  Tho  lattor  waa  givon  to  Lorens  of  Berlin,  and  waa 
paaaod  on  by  tbaw  to  Pulanita  mar  Dresden. 

B»  syaton  devlsod  by  Dr.  Buohhold  consists  of  an  ao  brld.se  whloh  1s  uhbalanood 
by  a  oopptr  vtiw  nmmted  on  a  pivot  in  auch  a  way  that  rotational  torquo  ls 
produced  by  aoeelomtlon.  Bit  output  of  tho  hridje  la  amplified  by  a  co/ivant\onal 
9crt  of  valve  awpli/itr  and  then  reotiflod  by  a  copper-oxide  bridge.  Bit 
ractifitd  output  current  ia  paaaod  through  an  integrating  cell  (olectrolytlc)  mä 
also  through  tbt  coil  of  a  torquo  reotor  on  tho  ehaft  of  tho  Integration  Ina^ruaont, 
This  lattor  ooanootion  ia'  in  the  natura  of  a  feedback  oircuit  whlch  improves  tho 
accuraoy  of  tho  dovioo.  Tht  eleotrolytlc  coli  cperatoa  in  tho  follcwing  wayi  Wban 
tho  current,  whlch  ia  proportional  to  acceleration  is  paaaod  through  tho  ooll  it 
tranafors  allvtr  Chloride  fron  one  olectrodo  to  tho  othsr  at  a  rato  which  aoourately 
carroaponda  to  tho  nognitudo  of  tho  current.  Rhen  tho  Chloride  ia  ontlrely 
reoowtd  fron  tho  eathode,  a  auddon  change  in  veltage  acroaa  the  cell  occuro  whloh, 
ooting  through  a  eecond  valve,  actus tea  «  rolay  and  ehuta  off  tho  Jot.  X  circult 
diagran  ia  ahown  in  Rof.  SüIC/6  and  a  mechanical  skotch  of  the  Boaskopf  oado  by 
tho  subjoot  ls  attaobed. 

fiopponaa tlon  for  errors 

Tho  prosont  type  of  aoooloratlon  integratore  oan  bo  aade  to  glvo  an  answor  whloh 
is  ossentlally 

Ta  V^kt 

Prof .  Wklthor  is  oupposod  to  hart  aado  extensive  calculationa  on  trajootcrios  of 
this  rookot  and  to  hn?w  prtparod  flring  tabloo  fron  which  tho  valuo  of  “V  is 
defcernlned# 

Tho  subjoot  statefi  th&t  «  still  nore  aoourato  way  of  ooaponsatlig  for  tho  offoot 
of  other  factors  tb&:  ^slocity  on  rang#  had  boon  oontompUtod.  This  idoa  involvwd 
tho  uso  of  two  Integration  rccoloroneters  nountod  on  m  stabillsod  platfom  in  such 
a  way  as  to  aaasuro  tho  vartloal  and  horlsontal  oonpounds  of  voloelty.  ln  this 
Broimoohlu-,  .  to  bt  dotominod  by  tho  oorroot  valuo  of 

V  •  ?4ni 

whoro  we  ballet*  that  s  is  tho  dlstanoo  along  tho  path. 
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fofecent  werk, 


Since  tl»  coraolation  of  this  device,  the  subjeot  haß  been  working  wlth  Dipl.  Ii^. 
Müller  of  Gotenhafcn  (for  about  six  montha  anyway)  on  the  development  of  a 
frequency  regulatcr  for  the  current  supply  on  torpedoes.  Thls  was  almost 
iöentical  wlth  that  for  the  A-4  rocket,  he  aays.  In  addition,  and  thle  ia  believwd 
to  have  boen  hla  msjor  effort,  he  haa  been  working  on  a  regulatlng  devioe  to 
maintain  ccr^t&nt  field  strength  on  the  rngnets  of  the  cyclotron  at  the  Kaiser 
Wilhelm  Inst,  at  Heideiburg.  Prof.  Bothe  and  his  assistant  did  most  of  the  work 
at  the  Institute,  and  the  aübject  Claims  that  he  was  only  consulted  in  coxmeetion 
wlth  the  regulating  devioe,  and  doee  not  kncw  what  experlments  were  belog  aarrled 
on.  He  was  only  uiare  twice,  he  says.  Before  his  device  was  finished  his  laboratory 
was  des  troyed }  an--*  the  device  was  never  used.  He  bclieved,  .however  that  the  re  were 
serveral  other  troublee  wlth  the  cyclotron,  and  that  satisfactory  Operation  wae  not 
obtained. 
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MEaCRAMDüMf  FUäIHER  INTE 'ROGATION  QF  PROF.  BÜCHHOLD 


21  April  1945 < 


Additional  questions  wer«  ask«d  of  Prof«  Buchhold  to  olaar  up  oertaln  points 
fron  th«  previous  interrogation. 

Uiö  radio  mothod  qf  ränge  control  was  worked  out  by  Prof«  W0LMAI3N. 

Prof«  HUETIS  and  Prof«  Fassbender  were  working  on  methods  that  did  not  differ 
euch«  The  jprinoiple  us«d  was  ooupled  tuned  olrcults  wlth  and  iron  weight  that  is 
moved  fay  the  acoeleration.  Motion  changes  th«  frequency.  ‘Ihe  frequency  ls 
Integra ted  by  a  motor  wfc lieh  gears  to  the  veloclty  Indioatlng  devioe« 

ft*of«  GTT  was  working  on  a  methed  ub  Lng  a  «eight  and  spring.  The  waight  carried 
a  dlse  Integrator  which  bore  agalnst  a  dlag  which  rotated  at  constant  velooity.  ühe 
integrating  diso  bore  against  the  driver  disc  at  a  radius  determinod  by  the  aeäoler-^ 
ation.  Revolution«  of  the  integrating  dlse  were  oounted  to  give  velooity« 

Subject  was  questioned  further  about  the  proposed  lnprovements  ln  his  System 
wlth  the  electrolytio  oell«  First  Improveaent  mentioned  was  the  addltlon  of  a 
seoond  winding  to  tlie  ooll  of  the  Messkopf«  This  second  winding  was  to  carry  a 
constant  current  to  c&noel  out  the  effeot  of  gravi ty«  Turning  the  current  off 
perml tted  the  deviee  to  be  dalibrated  by  gravi ty«  a«  the  miselle  fcurns  during 
f light,  gravi  ty  eannot  alway»  be  oanoelled  unless  the  Messkopf  ls  on  a  gyro  stabiliaed 
platform«  The  next  improveaent  eonteraplated  but  not  carried  out  was  to  mount  two 
Messkopf  *s  oa  a  gyro  stabilisedplatform.  Gravi  ty  is  perfectly  cancelled  out  in 
eaoh»  The  axls  of  the  two  ore  not  vertleal  however.  One  is  at  what  he  celled 
angle  alpha«  T'ta  aeasures  the  total  velooity  of  bhis  directton.  The  other  is  at 
aa  angle  neared  the  vertioal  which  he  called  epsilon.  Double  Integration  of  thi© 
Meeskopf  output  gives  dietanoe  travelled  in  that  direction.  The  double  Integration 
■ey  be  performed  either  by  k  capacitor  -  resistor  Circuit  and  another  electronic 
valve  added  to  the  oircuit  he  previously  gave,  or  by  adding  a  oircuit  ueing  two 
electrolytio  oells  back  to  baok  wlth  &  reversing  Circuit  to  change  the  direction 
of  current  flow  «ach  time  the  end  point  of  either  cell  is  reached«  2h®  finite 
delta  V*s  er©  counted  and  give  the  double  integral  or  distance  to  a  close 
approximation«  Prof*  Walther  apparently  worked  out  the  Optimum  angles  alpha  and 
epeilon  to  give  best  aeasurement  of  the  four  coordinates  affecting  ränge,  naaely 
the  two  ooordlnates  of  poeitlon  and  the  two  componsnta  of  velooity  at  Brennschluss« 
3hey  were  apparently  chosen  to  give  the  best  cancellation  of  small  error»  possible 
vith  two  Blesskopf *s  instaad  of  four«  In  suraroary  then,  what  is  measured'  and  made  \ 
to  opera te  the  final  electrolytio  cell  which  Controls  Brennschluss  is 
’alph«  p:U“  H  *«pnilon’  lrt‘or*  BU  “**  Prol*r  aonstant* 

Subjoct  worked  at  Brown-Boveri  before  1934#  on  electric  railwsys  for  Bavaria, 
Stuttgart,  etc.  In  1934-9  he  taught  at  Daahmstadt  and  wrote  books  •♦Elektrische 
Kraftwerk«  und  Matzi". 
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D *.  Ing.  UMBRICH 


*raployed  until  rccontiy  cls  leador  of  the  rfevölopiuent  dep&rtment  TOCL-0  (Waffen  Konctnik- 
Xion  I«ft)  cn  weapcns  for  uae  against  sea  targeto  -  at  Rheinnetall-Borolg,  Warlenfeldo, 
Berlin.  Uesertod  recanfly  to  Allies  wiuh  1.1b  asslstent  oinoo  he  thinka  it.  eenselesa 
vo  l'ijhw.  cm«  TTcr'c  *1^  primarlly  on  folldwing  prcjectßi 

&&3Q3  J.&  -  *  wea pon  against  sea  targets  (preferably  not  on 

hi_,h  aoao )  shi.,3  i'.  «ater»,  Tc-ofc  ^atös  otc.  Coneista  of  apherloel  bomb, 

caalng  IC  er:  ’.Mck,  s obere  »UHiwter  75  cn,  filllng  welght  300  kg  of  H.S. 
(conpoaiticu  TjJT  50;  4\r  20).  Rocket  attachment  as  tail  uoit,  Vary 

sisilar  in  sise  and  conatructlon  to  tha+  used  on  PC  1000  RS  (known)  t>omb.  Solid 
f'j*l  i  ucki.  v.#  thrtst  1x50  leg  soc,  Btarta  0.6  soca  aftor  dropping,  burne  for  1.6  aeee. 
After  burning  finlahed,  rocket  tail  unit  JeUiaon,  bomb  continuee  aa  in  »kip  bombing. 
Bomb  toated  at  Lehr  and  Travemünde.  Dropped  fron  Ke  109,  he ight  25-30  Bieters,  at 
rang#  of  e.g.  2^  km  from  ehip  and  speed  of  250  km/hr.  i  ound  th&t  if  rocket  tail 
nait  eould  be  tixxd  downwurtiö  angle  of  iznpact  on  sea  conld  he  reduced  froan  5°  to 
2  •  xliit  meant  tL&t  a,  gyro  lmd  *c  bo  uced,  Powder~drivon  gyro  employod  -  roaches 
10-12000  rpjß  in  3*3  söcf.  Fado  l.j  loj-nns,  Dresden. 

Bonb  haa  two  hydroaUttic  fuuee  runnirv,  fcowat  ds  center  and  one  time  fuze.  Hydroa tatie 
fuze  opera ting  dopth  is  approx.  8  mo  tors . 

2.  R  100  BS  -  doViti'imojit  cf  R  100  f«  sincc  it  hne  boen  decided  that  bla 3t  effeet 
of  tliin  caaec  H.d.  4^ir.>;»d  Iw  not  sofficient  to  bring  down  enough  bcabars  in  a 
foruatlou. 

BS  460  Brandepiitter  cf  55  g.  euch  (th  cylindera,  length  1.54  diam.)  Oalenlated 

to  have  aufiiciöiit  e?wrgy  *0  pe  ne  träte  fuel  tanks  and  thua  set  alroraf  t  on  fira« 

Burning  tioe  of  cach  inoendlary  im  0.8  secs  (fuzipg  time?) 

R  100  BS  weigha  100  kg*  Uaed  fron  fightera.  (Calibre  21  am,  letgth  about  1.8  st) 
Velociuy  of  rockst  at  noment  of  disruption  -  about  500  m/sec. 

L&unahing  r&il  for  K  130  BS  -  length  approx  5  cm.  Fin  atabilized  rocket. 

Rooket  on  R  100  BS  -  thruct  4200  Kg  cec,  burning  time  0.9  sec,  ränge  1500  but 
normaliy  for  special  Oberon  Verfahren  about  1200  m. 

intended  to  use  (xK  100  BS  on  fo  262. 

3.  Oberon  Verfahre». 

• 

For  use  with  k  100  35.  Coruponents  -  FuS  217  or  21Ö  (depending  on  eiroulability) 
E242  -  gyro  gunsi  ^ht  made  by  Askania,  Friedenau.  Elfe  -  an  "impulegeber1'  (by 
81emena9  eemwork)  .  km iall'/into l^r  -  aiti  Linie  angle  (by  Zoiss  Ikon,  Dresden) 

Oberon  Uhr  ~  clockaork  devlce  (by  Goesty,  Vienna).  JG7  at  Lecbfeld  about  4  weexa  agO 
wer©  thinking  of  tryii-3  out  R  100  B3  withc^L  Oberon. 

Lambrlch  4  «eeki  ago  tcld  to  be  generally  reeponaible  for  putting  into  Operation« 
j*rado  developed  l he  idsa  but  didn*  t  push  on  with  it. 

Operation. 

1*  ruö  217  or  218  feeda  ränge  oontinuoualy  into  Elfe. 

2.  Elfe  auppliea  lapi#«  uhen  preeet  dietanoe  ia  rea^ied.  Thla  goe«  to 
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3*  Oberon  Uhr,  nhloh  etarta*  \t  seocnd  dlntnnoe  preeet  on  iiLfo  seoord  hnpul^« 
goee  fron  Älfe  U»  Oberon  Uhe  whlnh  then  revorne*  untll  renohes  flrln« 

Thla  »iet  detotf/ünud  by  follo.fi.n^  *d'*l  Li  unal  «iovioofl  - 

Aiiß  -ellwlakMl^ftVfr  wach  f©cd  whüix*  vuluo  inL©  ch loula U i>jch.  ot  o*Plook« 

Third  Vulva  -  i’uüe  seiting  -  fod  lato  oalo.  Hoch  by  piiot«  ueotiag. 

Impulee  3«ot  fron  clock  oporatce  relay  \o  fl  re  .«hell.  2  rocke  te  fircr!  ;u  rren  • 
tocond« 
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Dipl*  Ing»  Jos ef  Bohm 


Personal  Data» 

I,  Joaef  Bob»,  was  born  on  August  7,  1908  in  Uhterhl&nael 
near  Steyr ,  Upper  Austria,  aa  aon  ©f  the  c ommer cial  employee, 
Josef  Bobm  and  hia  wife  Maria,  nee  Walter»  On  September  85, 
1941,  I  marrled  Irene  Arnold»  The  first  chlld,  Ulrike,  was 
born  in  Swlnemunde  on  June  15,  1945»  1 Sy  vife  was  expecting 

another  chlld  ln  May  1945»  Her  last  realdenee  was  Treba  Mo» 

49  near  Blelcherode/Sudhara  (Thor Ing ia)  at  *the  hone  of  Herrn 
Hermen  Wiegand»  «j  parenta  Uwe  ln  Brux,  An  Preaafeld  Mo» 

17  ln  Hortharn  Bohetaia  • 

Sdueation» 

After  attending  the  public  achool  in  Steyr  and  the  Staate* 
saberrealgynnaalua  in  Brux  (Diplosa  1928),  I  began  study ing 
general  naehlne  construction  at  the  Tecfcaleal  High  School, 
Dresden»  I  conpleted  my  Studie a  by  paaslng  the  final  dlplona 
examlna  tlon  6  February  1935.  My  nein  subjeot  was  that  of 
gearlng  technlquea,  eapeclally  ln  the  reaearch  of  Intermit* 
tently  working  trananlaalona» 

Industrial  Occupatlon» 

Already  durlng  my  Studie a  ( leave  of  abaenee)  I  wozteed  for 
seweral  flms  aa  a  fitter,  aeaembler,  draftanan  and  desigaor» 
Furthersore,  I  aiqperrlaed  the  erection  of  industrial  trial 
modela  or  pattems  ixnrented  by  me  on  whleh  patente  a re  pending» 
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Dutlea  at  the  High  School, 

Froia  Pebruary  1935  tlll  November  1939,  I  worked  a»  as- 
slatant.to  Prof*  Dr»  H*  Alt  ln  the  braneh  for  gearing  tech~ 
nlquea  at  the  Technical  High  School,  Dresden.  The  re,  I 
plcked  up  a  vast  amount  o f  special  knowledge  and  Information 
eoneemlng  the  newest  methods  for  ascertalnlng  gear  couplings* 
Duttes  at  the  Elektromechanischen  Werke.  Karlahagen» 

In  Vovember  1939,  I  was  ordered  to  the  Heereaversueha- 
an« t alt,  Peene®  unde.  At  first,  I  took  over  tbe  designing  ©f 
teetlng  devlces»  Later,  I  was  put  ln  Charge  of  the  dealgnlng 
Office  ln  the  «ectlon  for  electro-technlcal  apparatus  under 
the  leaderahip  of  Dr.  Steinhoff» 

Signedi  Dipl»  Ing.  J .  Bohm» 
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Joaef  Bflha,  Dipl«-  Ing 


Worfced  on  the  mounting  of  the  control  devicea  in  the  A4,  ae 
well  aa  the  mounting  of  the  graphite  ruddera.  Made  the  Vib¬ 
ration  aafeboxea  for  the  tranaport  of  all  of  the  electrical 
apperatus.  The  inetrumenta  were  mounted  on  two  big  wooden 
boarda  (Holzkreua)  with  the  idea  ln  mind  of  having  all  Inetru- 
menta  readlly  acceaaible  and  readlly  exchangeable« 

Before  comlng  to  Peenemünde  V«  Bühm  bullt  packlng  machlnea 
for  drled  aoupa,  conaervea  tlna  etc« 
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im^EROGATIOff  QF  BRINGER 


BXt  H.A.Lie'bliafsky,  G.T.  Gollen,  J.  Iballt  at  Garolsch. 

DAiöIDi  22  May  1945* 

Wcrked  on  Wasserfall* 

(Tanks  xaade  of  4%  chrome  Steel. 

Luftwaffe  No.  1604  model  —  layoxit  Lelowi 


2hey  aiaed  at  getting  Wasserfall  good  for  storage  for  1/2  year 
before  firing. 

Svery  Wasserfall  ohot  had  the  central  pipe  duct  through  the  tanks. 
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Konrad  Dannenberg  attended  a  toohnioal  sohool  in  Hanover, 
where  he  took  his  degree.  Me  left  sohool  in  1938  9  and  beoaae 
assiatant  to  Prof*  ITewmann  at  Manöver.  He  was  in  the  army 
from  Aug  1939  to  Get  1940 1  after  tfhioh  he  was  ohief  designer 
at  Peenemünde« 

While  there  Dannenberg  worked  in  on  A-3,  and  A-6  oom- 
bustion  Chambers»  but  the  majority  of  his  work  was  on  the  A-4* 
He  knows  praotioally  nothing  of  msserfall  orTaifun. 

He  stated  that  he  did  not  know  the'oauae  of  airbursta« 
Dannenb erg  said  that  the  OE  Steam  Heat  Exohange  was  designed 
by  "Bedürftig”  *  and  further  stated  that  the  reduoing  valve 
wate  heated  to  avoid  oooling  due  to  the  expansion  of  the  ME. 


Interviewed  19  nay  1945 
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CM«f  Engineer,  Dipl.  Ing«  Konrad  Dannenberg*  16  May  1946 

I  was  born  August  6,  1912  ln  Weissenfela  a.d*  Saale, 
tha  son  of  tha  postal  lnapactor  Hermann  Dannenbarg  and  hla 
wifa  Klara  Dannanberg  (born  Kitt ler) • 

Course  of  aducatlon: 

April  1918  -  April  1922  —  Public  School  Hannover* 

April  1922  -  March  1931  —  Luther  secondary  achool  for  higher 

educatlon  (prep  achool)  Hannovar* 
Grade  of  final  examlnatlon  ®Goodw* 
April  1931  -  Oktober  1937  —  Technical  High  School,  Hannover, 

speclallzlng  ln  tha  f leid  of  general 
machlne  cons tructlon*  Thema  for 
whlch  dlploma  was  granted:  "Ato- 
mlelng  tha  atream  and  preparlng 
Aiels  for  tha  proceaa  of  eombustlon 
ln  an  eng  Ine*  Grade  for  final 
examlnatlon  "Dlstlngulshed1** 

Cctober  1937  -  March  1939  --  Assistant  to  Professor  for  com- 

bustlon  powar  engin es,  Professor 
Dr*  Ing*  Heuman  at  tha  Technical 
High  School,  Hannover*  Worked  on 
liquid  Propane,  Butans,  etc*  ln  con- 
junctlon  with  Ceurag,  Misburg* 
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March  1939  -  ivUj.ua t  lrV£9  --  endiru',  l**ctnras  and  pj’i  ..  U;  l/i  ■ 

et  thc  Johann  Wolfen#  vor*Lhe  Uni- 
veraity  with  the  Intention  o f  be- 
comlng  a  Doctor  of  Pol.  Economy, 
stille  Ptudying,  I  was  aleo  working 
st  the  VT>0 -Tachometer  £G0  whaj  a  I 
worked  »a  tachnical  aaslstant  ln 
the  aal  es  department. 

September  1939  -  September  1940  —  Brafted  lnto  Wehrmacht. 

Cctober  1940  - ^oved  Job  for  VEO-Tachome ter  AG, 

«hört  ly  thereefter  on  duty  atatus 
to  Army  Expo r irr *?ntsl  Station, 
Peenemünde • 

Prevlons  work  ln  the  Held  of  *RH. 

Enthuaed  by  the  Opel-Val ler  experimental  trlpa  (lß£9)  on 
the  rallroad  1  Ine  Hannover  -  Burgdorf,  I  declded  to  joln  Eng. 
Albert  Puellenberg  who  was  ©1  ready  working  in  that  field .  Our 
work  was  done  ln  our  free  time  in  the  Hannover  work  shopa  and 
later  carried  out  at  the  "Rakentenflugjplete  (Rocket  Airfield) 
Vahrenwalder-Heidert,  but  really  effectlve  development»  could 
-not  be  carried  out  »ince  tbe  emount  of  money  on  band  dld  not 
alüow  u»  to  go  spendlng  lt  on  a  large  acale  for  such  work.  Ee- 
pecially  difficult  to  obtain  wer«  the  necessary  amount»  of  oxy- 
gen  and  the  sultable  material  as  well  aa  the  use  of  same.  A 
apecial  euccees  was  the  presence  at  DVL  Air  Exhibition  at 
Hannover  where  the  6-to-testtng  stand  was  »hown  aa  it  was  later 
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-  a tr\sc ted  et  tfae  r.ccke  t  Airfield»  Th®  best  perforsfficc«  esc 
schiewed  wlfch  a  stehle  asrsil  rockst  wfcich  in  1634  reached  an 
•ItttwS«  of  nearly  100O  wetera*  Tba  plaimed  parachwte  Zand  lag 
waa  unaocceaaftal  becaoaa  ttae  ralwst  machanlne  dldn't  wor%® 

Baaasaa#  ®f  rcasons  nsknovn  to  ae9  all  «ozt  was  atopped  by 
&m  waxa*  (Sasl  Party)  ln  1934/2 ©5ö.  Stag*  Put  Heetberg  went  to 
Brrnm  tis«P9  ha  carried  on  with  hia  werk  wifch  a  small  group  of 
atadonts® 

Im  1940a,  throtagh  reemr*  encs  t  ion  of  Stag*  Fuellenberg,  ay 
appllcatioa  for  Service  wit ta‘H®¥®?®  came  through  and  I  waa  aa- 
slgssed  by  tim  sqparlntendent  for  tba  development  of  power  unlta» 
täp*  Jfeig.  Thiel*  to  «rk  sstm  spociellat  for  eoafouation  queatlons 
witfe  Dipl®  Cfcgm»  Roller «>  fbgether*  we  derjsloped  the  atoslsliiig 
«y®ta®  Jbr  the  osalstod  tako-of?  device®  B-7  and  B-8  as  well  aa 
tba  1,  4*to-*coistaSa«r  am  foremmner  to  develofnent  of  tba 
Sb-te^ondn*  At  tbat  tlmtg  tba  foXlcwing  wer#  working  in  con* 
loeetion  with  tas 

Wy  Zmmr  Ume$mr  Prof«  Pr*  Xpg®  Mnawan  of  the  Technical 

High 

fte«?  and  Me  aaslstsnts  fron  tba  Technical  High  School 

latg«  toettsaer >  Ing«.  Llndenberg*  Dr*  Ing«  Berts® 

Mssce  Mpl*  Chen«  Beller  hegan  speciallslng  more  and  nore 
an  tmH  qmst$ona:,  1  fcoolr  over,  after  m  ahert  tlnef  tba  fleld 
of  atS~Bebeelter#  £R~tahka)  wyaelf,  and  developed  at  tba  tost 
beuch  in  Peerwntwde»  m  seriee  of  :0b*to«R~£oataln*rs  whiob  want 
inte  nee  en  the  A<*4« 
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Could  not  go  to  extensive  troubl«  to  develop  *  Jet  pro- 

pulslon  mit  su&tabl«  fot  maea  proüuctlon  because  of  time  and 
leeking  eapaeity  of  work  »hopa  and  testlug  bene};«».  The  con- 
t  Situation  of  developments  were  done  mainly  by  the  Technical 
High  Seboola,  Dresden»  Prof*  Dr.  Ing*  Pawer  wlth  aseoclstes 
«c  steted  «bov«  and  by  the  Technical  High  School,  Berlin, 

Prof*  Tr«  Ing*  Beck  wifch  aeveral  asseciatea* 

When  the  A-4  went  into  eeriea  product Ion,  I  was  fcrens- 
ferred  to  the  preparetlon  of  cella  and  enginea  for  th®  A-4* 

As  a  reault  of  my  experienc®,  X  was  ab!#  to  be  of  great  es- 
slatanoe  to  rs y  e©-workers»  Eng.  Schulae  and  Eng*  Zolke. 

As  repräsentative  of  the  directer  for  development  and 
constructlon»  I  undertook  the  post  of  chief  conetructor  be- 
aidaa  sirailar  work  attending  to  the  projcct  department  und er 
ita  direefcor,  Dipl*  Eng*  Roth,  the  atatics  department  und er 
Br*  Eng*  Ralthel,  as  well  as  the  experimental  department  under 
Br*  Eng*  Borns chauer*  Constructional  work  groupa  were  also 
conducted  by  Eng.  Schule#  for  A-4,  by  Eng*  Patt  for  "Wasserfall* 
and  by  Dipl*  Eng*  Schienfeien  for  "Taifun**  All  questlons  of 
fuel  were  delegated  to  Dipl*  Che«.  Heller  and  Problems  of  the 
testing  of  materiale  to  Dr*  Ing*  Stenaer,  ln  clo&e  Cooperation 
wlth  German  Indus try  and  varlous  high  echools.  For  Problems 
of  re presentat Ion,  the  graphiat,  de  Beek  wlth  a  team  of  out- 
standlng  artiste  and  technleiana  was  at  our  diaposal* 

For  the  specific  Problems,  a  working  group  or  other  com- 
posite  team  knew  the  best  prellminary  eonditiona,  ®s  through 
the  long  yeare  ©f  experienee  of  the  le&dlng  oo-workers  and 
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****  expertere#  of  the  leeding  co-wcrker«  end  thelr 

latent  in  frh#  work  w  «eU  i»  thelr  love  for  tliö  subject.  The 
wrrV'a^  cn^ Itlens  wer*  crßat^d.  Cn  thi#  t*sis,  t*e  tecb- 
sitcter«  een  h#  considered  üb  th#  b«#t  experts  in  their  owa  field 
©f  werk* 


Slgned:  Eonrad  Dannenberg 


Interrogation  of  I)”.  Phyu.  iJ.J.H,  UWi'D,  1  3  AHaj  1945«  by  nr«  R«*<«  Porter 
and  P/Lt.  Stokes,  at  Partenkircnen, 

Dr.  David  came  to  Karlshagen  about  7  Jnnuary  19^^  at  wiiich  time  prelim- 
luury  investigations  on  Wasserfall  were  Just  starting«  At  EU  thls  time 
the  effect  of  Allled  air  attacks  was  becoroing  increasingly  Important,  and 
a  frantic  effort  was  belng  aade  to  find  effcctive  counter  measu  es«  ihe 
Wasserfall  was  an  attempt  to  apply  the  techniquoo  of  the  A  4  to  thls  probiere« 
At  about  the  time  Dr«  David  came  to  K;  rlshagen,  his  father  was  arrested 
and  eventually  put  to  deuth  for  exp  esoing  critical  opinions«  Conseqmently 
Dr«  David  was  not  partioularly  concemed  about  the  suocess  of  the  project. 

He  feit  that  it  did  not  appear  to  be  promiÄsing  anyhow  beeause  he  did  not 
believe  it  oould  be  completed  in  time«  They  wert  ordered  to  adopt  existing 
devices  such  as  Standard  aircraft  gyroscopes,  the  A-4  kischger&t,  and  the 
A-4  rudder  servo  mechanisre,  and  the  remots  control  of  the  existing  Eehlger^t 
(used  on  Hs  293»)  Most  of  the  equipment  was  not  ideally  suited  to  the  Wasser¬ 
fall  application,  partioularly  the  servo  mechanism  which  Dr.  David  says  was 
not  fast  enough  or  powerful  enough  to  follow  the  rapid  IggKJfri  motions 
required« 

A  number  of  rockets  were  fired  with  remote  c  .ntrol  but  none  using  a 
target,  According  to  Dr«  David,  the  Joystick  control  w  s  used  sircply  to 
-st  whether  or  not  the  ^ocket  could  be  made  to  follow  a  p  escribed  course 
with  Observation« 

Dr.  JSlfers  was  the  man,  ac.-ording  to  Dr«  David,  who  was  large  ly  resp- 
onsible  for  the  servo  control  and  Overall  stability  Problems  at  Wasserfall« 
The  special  work  of  Dr«  David  was  the  design  of  an  electrical  model  of 
the  control  System  for  Wasserfall«  The  differential  equations  on  which  this 
model  was  based  are  giwen  in  Fig.  1.  Using  this  model,  wiiich  was  at  that 
time  essentially  complete,  he  had  started  to  work  out  the  trajectories  for 
various  assumptions  regarding  the  motion  of  the  target  etc«,  when  the 
Americane  approached  Neue  Bleicherode  and  he  had  to  quit« 

The  Circuit  of  the  basic  electrical  Integrator  is  shown  in  Pig«  2«  Its 
Operation  is  as  follov/sj  An  XXS  AC  Signal  is  fed  into  the  first  valve, 
amplified,  and  rectified  either  by  aeans  of  diodes  or  dry  rectifiers«  The 
resulting  d«c«  voltage,  which  is  of  rather  large  magnitude,  is  connected 
across  a  resistor  and  capacitor  in  series«  If  the  resistance  and  the  capac— 
ity  are  both  large,  the  resulting  voltage  across  the  condenser  will  approx- 
imate  the  value  of  the  integral.  This  voltage  is  modulated  by  the  recfcifier 
olrcuit  shown,  and  again  amplified«  Part  of  the  output  is  coupled  back  into 
the  input  Circuit  in  order  to  compensate  for  the  voltage  across  the  conden— 
ser«  In  this  way  a  very  accurate  integration  can  be  obtaincd«  Over  a 
period  of  fifteen  seconds  it  is  believed  that  any  reasonable  function  can 
be  integrated  with  an  accuracy  of  the  Order  of  one  percent« 
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Soa«  tasi ;  firings  war«  m&de  ueing  a  different  eontrol  «yatea, 
eaploying  rate  gyros»  aceording  to  Dr.  David.  Work  oa  thi«  syetaa  was  carr- 
i  ;  out  by  Dipl.  Ing.  Klein. 


H.W.  Starter. 
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and  ös  th@  aff  fast»  of  aarodynaxaic  unbikXanc®  off  tb*  ruddarss» 

Q  ia  a  gyavitfttional  corroction  constast« 
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Pr*-  in##  ~ebua 

E-i  £27 

Farmer* 

1#  General  partieulars: 

Born  £9  Pov*  1908.  at  Frankfurt  ( ..aln'  aa  the  son  of  the 
■aeroh&nt  Heinrich  Debu3  and  hia  -vife  elly,  (nee  Graulich ) • 
karrled  on  30  June  1937,  to  Trr^urd  Helene*  nee  Iruokfcunii* 

Ohl  Id  Ute  bern  fco  üay  1949,  ohill  Sigrid  born  U  :  Uov  1944* 

G  sei  dem;«;  Darmsta&t,  'dohlerweg  fcl*  .«&  preae-t,  f  ansl  ly  livoa  ln 
Hof  loh  aear  Gelnhauaen* 

£*  Sohoolingi 

fctgftn  Eafctsr  I9le>  at  flinker-  Oberreu loohule  at  Frankl  urt  (  uln'* 
later  Liebig-  Oberr ealäohu le •  Finlahed  aeoondary  achool  ln  1928 
3*  Praotioat  tralnin^  for  Studios: 

Raster  tili  fall  1926  and  in  bet^oen  various  seiest  erj3 
totalitär  one  year  praotlool  tralning  in  the  "  *ldor merken  d. J. 
Frankfurt*  Haohlne  fittin^,  lat he,  ^illiuj  i-iachi.  e*  xtoal.^i^* 
and  ertöt inj,  eto*  Laster  tili  fall  1951  als  -ontha  pruoLioal  ■  ork 
at  "Voigt  St  Haeffner  *.*$•"  Frankfurt*  /atWvu  -akln,  •  *  foundiv  * 
ereotinj  of  fixturefc  and  apparetus  Inside  and  out,  tu  3t  in;  field* 

4*  otudleat 

Beglruiinj  inter  Sorte  erter  28/29  Teonlodl  Hl  r,  School, 

Bar  i3tadt*  Truloln^  oourao  in  lootro-  t  ah.  l^uca.  'all  1934  nin 
examination  für  Alplocu  in  hi  :h  tonsion  teohnimneo*  ..al-a  subjoota: 
Theoretio&l  UleOtro  toohui^uea  leot*  .ae  > nur Ing  toohn*,  hi  :h  tonal  on 
teohniquo,  oonetruotion  ov  cloot,  .loohinos,  olcotrlo  nete  and 
Installation,  teohnioal  tneory  of  heat* 

%  Taetloal  aotlvltyi 
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Begtaulng  ot  lü^  tili  today  aas  j  staust  to  Professor  for 
t&eoretio  Pleotro  teohulques  tonslcu  technl^ues*  Trof  • 

dh%-Ing*  -*  Hueuter  (Itefceraon)  at  the  Pcohnioai  High  School 
ln  Semsta&t«  Chief  ^lneer  slnoe  19ü9. 
iwetiirttyl 

!•  ^eeution  of  prootloal  "^ork,  and  exerolsea,  geaeral 
ediu Station  *?orJe* 

£*  xe^utlon  of  ijeasurlng  in  industrial  Installation«  and 
net-^ort  as  ^ell  as  adviser  to  varioua  firas« 

Development  and  tost  in,-;  of  apcoial  app  aratue  for  varlous 
l^zse*  Military  s~rvioea  nid  aufhorlties* 

4«  ':eaearoh  ~®rX  ln  tho  field  of  .'sonauratioa,  ln  thcor« 
eleotroteohni^u©  and  hi  3h  tansiou  tcohnlque»  ’-'Speeiall^  the 
levelopmont  of  a  proocss  f  or  aeasuring  hi,  h-tenaion-shook 
©aourrenoes  ^ith  the  usual  saoasuring  Instrument*  ?ubiiahed  7T 2  1940* 
Distinguish^d  hlmself  and  ha&  dogre®  oonierrcd  ou  hi©  in  Fall  19  o9* 

5,  «*ctlvitles  mii©  iuatruotiof  and  at  tho 

Begiiuiln^  Pall  X9D9  besides  oduoatlonal  ’^orä,  'sorked  on 
developoonte  fer  f  •  -spsoially  developaont  of  aojall  proaure  gaugea 
i*of  ©eisurlüg  mo&ois  in  a  -^Ina  tunnei,  suit&bla  for  d^oaoio 
To«aeunaeirta  in  the  reaoh  fross  1  "at&H  to  a  f©w  sHs% 

Be&lmiing  Oet  194  s  ordored  to  7.  •  first  experimental 
ev.~imer  on  tost  stand  *4-4  (  leotrioal  saotor  and  Controls),  lator 
orrainif lag  ohiof  for  crcotion  and  Clearing  for  äction  of  the  firat 
riotorlsod  round  Installation»  fitart  log  aroh  1944  sestlon  icudor  and 
auporvlsin-  expor l-sental  an* inner  forountrol  (stooriag?  aud 
elootrioal  qu&atio^s  u*  teat  stand  for  .1-4  and  Finally  supurloteudont 
of  the  .-4  tost  atand  and  the  tost  firing  stand  of  the  a-4 
*  1t.  1945 
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:,  igneäg  irurtDamui 


Interrogatiou  of  Ing,  Dhom,  21  May  19- %  Hy  F/lt.  ötokea  and  Pr.  Porter 
at  Parteski  rcLen. 

Ing.  Dlioia  caine  to  Peenemünde  in  August  19  Jö.  At  lirst  he  worked 
jlü.  tne  "Messt aus'",  where  valuee  froa  all  the  lest  Stands  c/ere  wired,  to  be 
raeasured  and  recorded.  His  particu3.ar  job  was  to  instaJ 1  xneasuring  appar- 
atus,  such  as  devices  for  recording  the  Operation  of  valves,  etc.  After 
19^0  he  weut  to  the  H.F.  center  wbere  he  ^orkod  un  varioua  p .  ojects  Tor  Pr. 
Wolmann  (presumably  connected  with  the  ‘'Verdopi^eh"  Brennschluss  Control). 

About  the  beginning  of  1942  he  Start ed  work  011  dezimeter  trausini- 
tters  and  receivers.  His  principal  project  was  an  osciilator  which  was 
used  in  connection  with  some  receiver  on  the  A-4-.  (He  wouid  not  be  moi*e 
si)ecific)  The  oscillator  used  a  1-watt  triode  LP-1  Telef unken.  Tests  were 
carried  out  according  to  Ing.  Dhom  in  an  aircraft,  the  frequency  of  the 
oscillator  being  picked  up  and  measuced  on  the  gxx>und.  Thj  s  work  was  done 
under  the  direct ion  of  Di*.  Lange. 

Asked  about  difficulties  with  the  "Verdroppen’*,  phow  replied  that 
there  were  difficulties^ but  they  were  always  traced  to  the  equipment  itself 
and  not  to  any  unusual  phenomen. 

Recently  he  was  assigned  to  work  on  the  "Scholtuhr",  a  constant 
speed  motor  with  a  contactor  which  accurately  measur-es  the  required  charging 
ime  for  the  I -gerät.  It  operates  from  a  frequency- stabilized  50  cycle/sec 
source»  Other  than  these  generalities,  he  claimed  to  know  nothing  about 
the  electrical  Brenschluss  Controls. 


R.W.  Porter. 
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Interrogation  of*  Konrt-d  Dannenberg,  Kurt  Patt,  Qoddf vied 

Hosenthal  (Interpreter),  Heinz  Giese,  Btirhose — - —  ..  »By  S,H.  Hüll, 

at  Garmisch-Partenkirchen  cn  6  June  1945 . 

These  men  are  ühe  designe  -drai’Ling  'type  so  tend  to  give  a  iaore 
practical  story  thau  Von  Braun  wbo  ccnfuses  nhat  he  hopes  to  do,  v/ith 
those  ttiings  which  have  beon  reductd  to  ,ractice*  The  purpose  of  this 
interrogation  naj  to  d^beraine  the  detail u  of  piping  and  valving  in 

0-2. 

®2  is  used  in  the  spherical  pressure  flask  siace  it  can  easily  be 
obtained  dry  a3  a  by-product  of  liquid  oxygen  plants.  AiT“  could  probably  , 
be  used  as  well  but  it  would  have  to  be  dried  and  bhere  night  be  some 
trouble  due  to  the  contained  02* 

These  neu  did  not  know  any  details  of  the  heating  sehen# ,  or  the 
nozzl#  de  sign  iescribed  by  von  Br  aun  on  5  June  1945  as  these  devices  had 
not  essrged  fron  the  experiaental  stage. 

Fig*  1  shows  a  schenatic  diagram  oi  Lne  plurabing  systen  of  0-3* 

Part  no.  4  is  a  powder  operatdd  diaphragn  valvc  oketched  in  Fig,  2*  An 
•lectrically  ignited  powder  Charge  forces  down  the  piston  tearing  open  th« 
dlaphragn  allowing  high  pressure  I2  to  flow  to  the  regulatoi  5  of  Pig*  1* 
(Por  details  of  the  pressure  regul ator  see  the  interrogation  of  Von 
Jrasra,  Dannenberg  and  JCLausz  on  7  June  1945  which  clears  up  niggtate- 
nents  nade  du ring  this  interrogation*) 

The  regulated  air  supuly  is  led  to  the  two  reactant  tanks  past  & 
•afety  valve  6  (Big*  1)  and  thru  two  burstable  diapliragme  7  to  prevent 
any  possible  uixing  of  reactants  during  storage*  These  diaphragns  bu-st 
at  10  atÜL  Tank  pressure  is  25  atii* 

Flexible  tubes  10  insu re  that  the  tank  outlet  will  always  be  sub- 
aerged  during  radial  accelerations  of  the  piicsile*  The  pipes  are  nade 
flexible  by  cieans  of  a  stainlers  3teel  btllow«  cection  which  allows  angula 
novenents  but  is  stiff  axially.  A  low  natural  frequenoy  ia  obtained  with- 
out  adding  weight  to  the  bottoia  of  the  pipe*  Olearance  between  the  tank 
bottoa  and  pipe  is  about  20  na  which  is  3uf  f  icient  to  aake  the  entrance 
area  at  least  equal  to  the  pipe  arca* 

These  interrogatecs  Claim  that  there  ia  no  raechanically  ope  ated, 
inte  connected  valve  vith  time  delay  f  or  the  Visol  in  the  reactant  pipes 
at  12.  Instead  they  would  put  there  two  independent  diaphragns  bürst 
-by  tank  pressure. 

The  expanslon  .joint  16  of  Fig*  1  is  »nown  in  greater  detail  in  Fig. 

3.  Holes  are  placad  in  the  circunf e-tavial  ring  to  reduce  resistance  to 
Salbei  flow* 

M  aection  bhi ra  the  venture  at  the  exit  is  shown  in  Fig*  4* 
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Th«  combustion  chamber  and  venturi,  whose  principlfc  dimenssione  are  XX 
hown  in  Fig*  5*  is  read«  in  two  halves  and  welded  along  the  lengthwise 

eeane. 

Fig  6  shows  what  is  |?«port«d  to  be  th«  -nozzle  deaign.  intandftd  for 
Production  wh«n  the  inove  to  Bleicherod«  waa  made*  In  flight  teste  these 
nozzlee  were  aluminum  but  ateel  wae  intended  for  production*  Paira  of 
jets  squirting  the  san«  fluid  impinged  a  ahor.t  dietanc«  fron  th«  plat« 
wh«re  th«  etreans  fann«d  out  at  ight  anglee»  This  fam  mixed  with  a  aiailar 
fan  fron  a  pair  of  jeta  placed  nearby,  delivering  th«  oth«r  r«actant. 

There  wer«  about  400—500  hole«  in  all,  «ach  1*5-2 *5  nn  in  diameter.  All 
holes  wer«  drilled. 
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Dr«  Ing*  C*H»  W&lwwr  Wx&bergor 
Major  General 


17  May  1945 


Life  Eistory 


111  Wissen  as  son  of  the  drug  lut  Hamann  Dornber¬ 
ger  and  hia  wife  Hedwig,  nee  Roltsch. 

Jtarxied  3  Sep  1942  to  Alice  Reeder.  Childless. 

„  A^?4ed  Realgymnasium  Qriosen.  Volunteered  ?rd  Foot  Artillexr  Regt 
2  *«g  1914,  activo officer  fros  1  May  1915  on,  priaoner  of  war  3  Oct  191i 

arter  the  war  an  officer  ln  the  Reichswehr - After  the  war  (1926-1929) 

atudxed  as  actlye  officer  in  the  Technische  Hochschule,  Berlin  (HochachuJ 
Offizer).  Final  examination  Dipl-lng  "with  distinction".  Fron  Jan  1930 
on,  in  tne  War  Department f  first  as  expert  cn  rocke  cs,  and.  upon  later 
expansion»  as  gronp  leader  and  section  head  andf  simultaneously.  as 
Commander  of  the  Hieresversuchsstfclle  Peenemünde. 

*934  Drl  **  Ins*  C.H.f,  Technische  Hochschule  Berlin.  1  June  1943 
appoin^cd  Major  General,  Fi*om  Jan  1944  on  Chargen  with  th®  special  use 
of  the  army  fcr  the  preparation  and  introduction  of  A-4,  Froin  Jan  1945, 
sxBuitaneousiy  leader  of  the  “Arbeit s  stub  Dornberger”  in  the  Reichs 
ainistry  headed  by  Speer  for  all  tf-Weapons  and  AA  rockets. 


"Sähen  X  «as  placed  in  the  War  Ministry  after  the  completion  of  mj 
school  work  in  1950»  I  was  given  the  assignment  of  developing  rocket»  for 
for  war  p&cpcsee  by  Major  General  Dr.  Becker»  who  was  then  in  Charge  of 
the  Amstgruppe  Prüfwesen. 

At  th&t  time,  a  small  facto ry  in  Wesermünde  maicing  black  powder 
rockets  for  sea  rsscue  work  represented  the  only  German  aotivity  in  the 
field  of  powder  rockets.  The r-e  was  no  factory  making  rockets  for  war 
purposes*  I  had  at  first  to  do  my  own  building  and  to  place  ordere  with 
^  _  riows  firaiß  for  individual  parts.  Aesembly  and  t®eting  wer®  carried 
©ut  at  &  provtsg  field  or  ground  near  Berlin.  After  initial  diffioulties 
the  results  were  so  favorable  that  the  first  large  scal^trial  with  troops 
could  be  carried  out  in  1934 1  10  cm  rockets  with  a  l-unge  of  6  km  being 
used.  #ith  a  weapon  of  lightest  eonstruction,  it  proved  possible  to 
siaturate  a  definite  area  with  highly  brisant  ammunition.  In  this  way, 
part  of  the  normal  field  artillery  assignment  could  be  carried  out  by  the 
simplest  means  imaglnable.  The  re  was  next  a  transition  to  s^iokeless 
powder  and  ignltion,  and  temperature-sensitivity  Problems  had  to  be 
solved*  Thon,  after  the  eonstruction  of  simple  launching  devices,  tho 
following  wer®  developed  in  rapid  successions 
13  Cm  Hebelwerfer  (Do-werfer) 

21  ” 

Heavy  ffurfgorit 
28  cm  heavy  Werfer 
32  cm  " 

35  cm  " 

Panzerwerfer 

Panzerschreck 


Motive  power  for  the  Panzerfaust  and  many  othor  weapons. 

In  thßse  development sy  the  eonstruction  of  weapons  and  munitlons 
was  always  in  my  department  while  the  production  was  in  the  hands  of 
induotry 
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Th«  first  use  «re  made  of  those  new  weapons  enly  at  the  beginnlng 
ft  ^he Invasion  of  Russia  even  though  their  development  had  beencSncladetf 
Ui  1939»  sufficient  munitions  were  availabel,  and  trained  troops  were 
ready*  The  spectacular  success  of  the  15  cm  Hebelwerfer  on  all  easters 
fronts  in  spite  of  the  relatively  small  explosive  Charge  of  e  single 
rocket  is  du©  namely  to  my  introduction  ofa  new  Instrument  -that  of  the 
so  called  MDOV  pro;jectile  "•  whelh  in  contrast  to  all  power  rockets  had 
the  pay  load  at  the  base  or  the  pro^ctile«  The  followlng  firme  were 
active  in  the  development  of  fuels  for  powder  rockets  thatleave  little 
smoket  WASAG,  RAG  (foroely  ALFR3D  HOBSL)  #  WOLF?  &  SCH  in  Walsrode* 

In  the  fleld  of  liquid  rocketsf  there  were  in  Germany  from  1930 
to  1932  onlyviolently  feuding  groups  of  inventors,  when  efforts  were 
doomed  to  failure  because  of  a  shortage  of  money  and  an  absence  of 
fundamental  scientific  work*  These  were  as  followst 
Max  Fallier 

Friedrich-Wilhelm,  Sander 
Heyland  A»G*  Berlin-Brietz 

Winkler 

Rocket  Flying  üeld  with  Prof*  Obst  hiebei,  v. Braun  andother*. 


All  the  groups  of  inventors  dreamed  and  talked  of  travel  to  the 
moon*  All  of  them,  however  lacked  sceintific  background»  exact  tech— 
nical  kesesrch  and  alldo velopment al  activity.  I  was  well  acqualnted  with 
the  signifiance  of  the  liquid  rocket  as  the  revolutionary  tecfcnleal 
discovery  of  the  20th  Century«  In  order  to  make  progress»  the  foundatlöä 
had  first  to  be  laid*  An  attenqrt;  at  the  beginning  or  1932  to  obtaln 
agreement  amoung  the  inventors  or  to  Interest  inauatry  mlssed  fire* 

I  therefore  decided  in  the  summer  of  1932  to  take  a  hand  in  this  fleld 
myself  •  After  the  neoessary  approvals  9  a  small  trial  fleld  was  set  up 
on  the  Kammersdorf  proving  ground  and  several  enginears  such  as  von 
Braun*  Riedel  and  Rudolf  were  enlisted  ln  the  fall  of  1932»  In  1932 
and  1933 1  the  proff  of  the  functioning  and  the  reproducibility  of 
liquid  rocket-propulsion  were  establlshed  through  tedious  fundamental 
scientific  resoarch  and  development  activity.  The  choice  of  fuels 
was  on  the  basis  of  performance  diagrams  and  of  availabllity  in 
Germsny*  Standing  day  and  night  at  the  constructlon  bench  and  in  the 
workshop,  we  calculated  9  drafted  and  finished  the  first  combustion 
chambers  for  300  kg*  thrust*  The  work  progreased  so  that  already  in 
the  summer  of  1934  &  Start  could  be  made  in  Borkum  to  a  height  of  2  km* 
with  a  small  rocket(A2)  of  300  kg*  thrust  and  stabllized  by  a  rotating 
payload*  In  the  interium,  propulsion  units  with  thrusts  of  1000  and 
15OO  kg*  (  exhaust  velocities  2000-2100  m(?)  jfcec  and  spetlflf  fuel 
consumption  of  4*3  g«Ag*  sec*  )  had  fcgen  developed  at  Kummorsdorf 
and  tested  ön  special  teat  Stands  *^tt  söün  became  obvious  that  Kummers— 
dorf  was  too  small  for  large  rockets;  and  that  furthnr  development  rnoulä 
have  to  be  on  an  appreoiably  broader  basia  and  requlre  rauch  more 
monsy  and  mors  people  if  a  liquid  fuel  rocket  of  long  ränge  ttere  to 
be  auoceasful  in  a  resonable  time*  It  proved  possible  to  Interest 
the  High  Oommand,  General  Fritsch,  the  Air  Ministry,  General  Kesselring. 
Peenemünde  on  the  out set  was  selectod  &s  an  experimental  Station 
because  hsre  alone  1t  was  possible  to  have  in  Germsny  a  ränge  along  tue 
coast  of  300  km  with  auitable  Observation  posta*  Construotion  was 
begun  in  the  middle  of  1936*  At  a  total  cost  of  spproximatoly  300,000 
gold  m&rks,  there  was  oonstruoted  in  Peenemünde  in  a  fow  years  a 
coxqpletely  but  most  modern  and  technically  Interest  ing  Installation 
even  though  ground  conditiona  were  unfavoroble*  After 
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After  tha  nocosaitry  faeiliti  -3  (  liighvelocity  wind  tunnol,  work  shopa, 
elsctrical  fac^li^io3|  t  -st  Stands,  ahipa,  planes,  and  transport 
xucilitiea  )  had  been  Install  ed,  the  developaant  made  groat  stridea* 

It  aoon  becaiae  ohvioua  that  too  great  jumps  initially  would  lead  to 
set  backs*  Conaequently«  A  4  had  for  the  monent  to  be  relagated  to 
the  b&ckground«  Tha  anal ler  A  5  was  inserted  as  an  Intermediate 
in  order  to  study  control,  aerodynamica  and  atabilization«  Hundreda 
ofA  5**  were  fired  in  the  period  1936-1942*  Qnly  with  thia  experience 
and  with  tha  resulta  of  wind  tunnel  inveatigations  available  was  it 
poasible  to  proceed  with  the  ccnstruction  of  A  4# 

The  requisites  for  success  were  th$ough  prolonged  and  productive 
ooEibustion  experiment»  for  the  propulsion  ,experiments  for  pmpi 
and  valvesf  Controller  axperiment s  and  direction  beam  eXperiments , 
expe rimenta  on  materiale,  development s  testa  on  all  partsby  thouaanda 
of  engineera.aiid  experts«  On  the  3rd.  of  Oct  1942#  the  first  ränge 
trial  succeeded  with  satisfactory  accuracy,  Half  of  1943  expired 
before  auff  ident  experience  was  available  so  that  the  order  to  begin 
the  manufacture  could  be  given*  The  air  attack  on  Peenemünde  on  the 
night  of  17/18/ —8—43  did  not  esaentially  hinder  the  work«  The  develop-wta 
Bent  was  complete »  The  manuf actur ing  proceeded  in  any  case  at  another 
location«  only  the  settleaent  had  been  deatroyed«  Even  though  approx. 
65*000  changes  were  made  on  V-2  during  manufacture«  still  by  and  large 
the  weapcm  introduced  in  1944  was  tbe  weapon  completed  in  the  middle 
of  1943# 

The  development  of  th&a  difficult  device  necesaitated  the 
exploration  of  a  new  teehnical  field«  and  it  conaequently  encountered 
anorssous  difficulties»  These  difficulties  were  aimilar  to  thoae  which 
would  have  faced  Wilbur  fc right  ifohe  had  demanded  of  him  in  19o2 
that  he  build  in  three  yeara  a  completely  automatit  flying  fort  ress« 

In  additlon  to  the  teehnical  difficulties  *  I  had  to  overcome  in  ny 
$ob,  the  lack  of  faith  and  the  skepticism  of  important  people  in  tne 
govornment*  and  of  my  colleguea«  After  the  program  was  reduced  in 
priori ty  in  1939  and  a  a  part  of  the  civil  employee  were  withdrawn  , 
progreaa  could  be  müde  in  the  next  years  only  with  the  help  of 
JTield  iiarahall  Von  Brauchitsck,  who  placed  aoldiers  fnom  the  front 
at  our  dispoa&l  aa  engineers  and  workers*  and  with  the  help  of 
Generalbau— Inspektor*»  Speer  who  carried  out  constructicn  for  us*  ■ 

If  I  had  had  complete  backing  fron  th3  beginning  of  the  war,  A-4 
could  have  been  introduced  1-1/2  to  2  years  earlier« 

After  the  first  development  waa  cong>leted,  I  alao  had  to  cerry 
out  tost  ing,  Organization  and  training  of  troopa.  Thia  proceeded 
until  the  middle  of  1944«  In  theae  trials,  meny  difficulties  aroae 
which  had  not  been  observed  in  Peenemünde,  In  the  first  place  the  re 
appeared  a  weeknesa  in  A-4  auch  that  3G-40  %  of  tho  devices  disintG^r-* 
grated  in  air  at  a  height  of  500-3000  meters  before  striking  the  earth. 
Experiments  to  eleninate  thia  weaknes*  took  monthn.  An  improveipont 
aeemed  to  occure  in  tho  middle  of  1944.  Th*.  5  %  dispersion  was 
4x4 «5  km,  which  v/aa  difinitely  better  than  the  lonpoat  ränge  guna 
BmuVchtdg  which  had  only  half  the  ränge  of  A-4.  Vvcn  tho  the  dovolop- 
aent  could  be  conaidered  aa  no  ne  ns  closed  und  I  objocted  to 
immediate  intooduction  of  the  weapon,  total  roeponsib 11 ity  and  the 
time  of  introduction  were  placed  in  the  hnnds  of*  the  SS  -aftor  ovents 
of  20  Juiy  1944.  I  was  loft  in  the  ponition  of  Leciinical  advisor 
and  in  Charge  of  hörne  Organization, 

a  large  number  of  intsrastod  groupa  of  teehnical  and  scientific 
Institute?  were  consulted  and  repres  mtativea  of  industrial  groupa  were 
concentrated  at  Peenemünde  *>hore  theclosest  exc hange  of  ideca  was  SB 
contl.aov.oly  poasible  and  *?hsre  in  tho  very  laviahly-equippcd  lnb- 
oratorioa.  Ix  ia  onlf/  du®  th-ae  actione  and  tho  fanatlc  Cooperation 
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orte  of  th  '  wkci  i  Stoff  of  Peenemünde,  which  did  not  allow  itself 
te  oo  discouragod  bp  i’ailures  that  the  dreaa  of  humanity  to 
ejq-lore  interstellar  «pace  was  realized  in  its  first  stage. 


3ven  tho  the  first  Step  of  advam  into  spc.ce  owea  its 
exist anco  to  Military  commands,  yet  the  proÄf  kas  been  obtained 
eontrary  to  all  oppooing  thecri  -i-  that  sj>ace  mey  be  mast  er  ed  for 
peacsful  purposes,  that  it  is  oniy  neceasary  to  make  certain  that 
the  experience  once  gained  is  not  lost»  That  state  will,  be  first 
in  space  which  has  first  the  courage  to  make  a  clear  aecisicn, 

The  stratisphere  travel  rocket  will  come  aus  certainly  as  the 
modern  locoaotive  followed  the  first  Stevenson  locomotive# 


Apart  from  the  long  ränge  rocket  which  was  my  principle  and 
favorate  assignment  there  were  developed  in  Peenemünde  the  followingi 

Liquid  Hocket  ATO  units  for  Bombers  *. 

Rocket  Aircraft  si\°Nal  a 

Controlled  and  Üncontrolled  AA  Rocket  s  4,THsom!a*,  L'’ri':£  Mn* 

v  ‘^sriTfjf  SEum. 

"Sven  tho  these  development s  äseek  for  various  reasons  wore 
not  introduoed  in  this  war,  yet  the  work  on  the  long  ränge  rocket 
and  the  work  on  the  stabilization  &  control  showed  that  these 
developments  will  have  many  uses! 


Inspired  by  what  has  been  achiseved,  out  thoughts  Tiere 
occupied  from  the  beginning  with  furthur  poasibiliti.es.  Our 
experience  showed  cl early  that  it  would  hav e  been  f utile  to  lay 
out  imneöiatly  rocket  travel  to  the  moon  and  to  the  stara» 

Development  can,  as  in  all  technically  revolutionary  discoveries 
proceed  only  stepwiso  if  decisive  setbacks  ore  to  be  avoided.  9 

After  A-4,  A— 9*A-10  were  designed  and  plaimed  as  the  first  project,  kk 
the  necessary  Intermediate  steps  being  considered*  This  was  to  be 
a  travel  rocket  in  which  one  could  travel  ±n  about  40  min.  from 
Berlin  to  Hew  York  and  land  there.  The  perliminary  work  was  for 
the  large  part  je£  eompleted  and  wind  tunnel  for  300  m/sec  velocity 
had  been  pro jected  and  the  construction  providad  for*  Purthur  work 
was  hindered  by  the  war. 

The  furthur  possibilities  for  the  future  are  avsd.la.blet 
scientific  high  altitude  rocket»,  a  Station  in  space,  travel 
to  the  moon  and  to  the  stars.  üven  if  the  great est  distances  in 
space  can  be  re&ched  after  atomic  disintegration  is  available  as 
&  fuel-  assumpticns  ccnc. ?ming  this  are  being  realiyed-  still 
it  is  possible  with  the  present  fuol»  it  is  pocsible  to  reach 
distanc  *s  hitherfor  considered  unattainable . 


Th«  forgoing  developments  and  pro  je  cts  wäre  carried  out  und  er  my 
direct-  on  in  the  years  1930-1935  by  a  group  of  distinguishod 
fsnatiCÄ  scirnista  and  oxperis.  Thereby  new  regier»  were  openod 
to  humoiity,  v-rhere  scope  and  meaning  cannof  be  highly  enough 
ev&luated. 


Dornberger* 
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IKT  DEROGATION  CF  GIN!  DORNBaKGEH  AT  PART  INKII^CR’  N  -  15  May  1945* 

£yt  Dr*  E*H*  Krause 

Lt*(j.g*)  P.y?*  Wllkinson,  D3NH 

Gen*  Dornt  erg;  er  was  interrogated  concerning  hls  knowledge  of  the 
German  guided  missile  program*  He  was  associat ed  prims±ily  with  the 
A-4  and  Wasserfall  pro jects  tut  dld  display  a  consideratle  knowledge 
of  most  of  the  other  ground  to  groundf  air  to  air  and  ground  to  air 
pro  je  cts  which  wäre  undarway* 

In,  January  1945  he  v/as  placed  in  Charge  of  all  projects  falling 
in  the  catagories  listed  atove*  These  were  at  that  time  aome  48  ground 
to  air  projects  alone  in  various  stages  betrcreen  proposal  and  development. 
He  reduced  this  to  fiwe  projects,  namsly,  Schmetterling  (Hs  117), 

Enzian,  X-4,  Eheintochter  and  Wasserfall*  The  X-4  was  chosen  over  the 
Hs  298  tecause  it  was  lighter*  Wasserfall  was  included  because  it  was 
the  only  »upersonic  missile 4  Düring  Fetruary  the  development  of  these 
remaining  five  was  also  stopped  and  all  effort  was  concentrated  on  the 
R  4  M  and  Taifun  rocket«* 

Düring  the  entire  interrogation  Gen*  Dornt erger  was  very  o\>liging 
and  answered  all  queetions  freely*  He  was  questioned  in  some  detail  on 
Information  which  had  previously  teen  obtained  from  the  Osenberg  f iles 
in  order  to  chock  bis  reliability*  His  Statements  were  in  general 
agreement  with  these  flies«  As  a  matter  of  fact  he  continually  cautioned 
us  that  his  figures  were  approximate  and  that  we  shculd  obtain  the 
exact  figures  from  Von  Braun* 

WASS  BEFALL 

This  is  a  ground  to  air  guided  missile  pattemed  after  the  V-2 
and  was  the  only  missile  for  this  use  v/hich  operated  at  supersonic 
velocltles*  It*s  characteristics  were  approximately  as  followsi 

Length  6m 

Di am*  75  cm 

.  Max  Altitude  16Sm 
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wASSi^RFALL  (■  continuea) 


Range 

20  Km 

Max  Velocity 

600  m/sec 

Fuel 

Visol 

Burning  Time 

45  sec 

Oxygen 

HNO  ^ 

Laune hing  Angle 

90° 

Explosive 

100  Kg 

Jmpty  Weight 

1.5  Ton 

as  a  first  step  in  the  developmant  s£  a  radio  control  System 
of  guiding  was  used.  Thirty-five  models  of  this  type  were  test  fired 
o f  which  60  -  70  %  failed*  Launching  and  stabilization  were  the  same 
as  in  the  A-4.  MLine  of  sight11  f  light  path  was  usedl 

Because  of  the  limitations  of  clear  daylight  operations  several 
programs  were  initieted  to  provide  homing  in  the  VJasserfall,  Also  a 
proximity  fuse  was  to  he  added*  The  general  idea  was  to  use  a  cm» 
radar  to  track  the  target  and  by  laoans  of  second  similar  radar  bring 
the  micsile  into  the  beam  of  the  first  radar.  The  missile  would  then 
automatically  ride  the  beam  to  within  3000  meters  or  les*  at  which 
point  the  homing  System  would  take  over»  In  actual  test  no*  homing 
System  has  cperated  beyond  200  meters»  TLe  homing  System  und  er  develop¬ 
ment  and  the  firms  working  on  them  were  as  foliows: 

Infra-red  ilAK-Oberachleswig  Captured  by  the  Russians 

Optical  Relchspost-Foracbung,  Berlin 

Acoustic  CLAK  -  Vienna 

Doppler( Radio)  Siemens 

The  radar  was  a  3  -  6  cm  ;Job  completely  devsloped  by  Telefunken 
but  never  produc od  »  Prof»  Von  Braun  and  Ober  Lt.  Netzer  can  give 
more  details  on  this» 

Although  Wasserfall,  because  of  its  supersonic  speed,  was  one  of 
the  most  hopeful  of  fche  a  A  missilea  its  development  was  stopped  in 
March  1945  along  with  the  rest  of  the  few  ramainlng  guided  AA  projeets 
inorder  to  put  more  effort  on  simple  non-guided  AA  rookets« 
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Air  to  air  rocket  carried  and  launched  fron  und  er  the  wings  of 
flghter  aircraf  t  •  Development  started  in  Jan,  194-5  and  was  in  operational 
nse  *in  March  1945«  Düring  the  month  of  March  ?6  foraya  wer©  made 
naing  these  rock ets  and  72  allied  bombers  were  brought  down  (iB  262  ) 
dsfore  leunching*  the  recket  has  the  shape  .of  an  ordinary  Shell 
having  no  vdngs  or  fins  protnding«  After  launching  a  ring  roleaaes 
four  tail  fins  which  snap  outv/ard  into  place, 

The  general  characteristics  are  es  foilowa  % 

iength  70  cm  V  xaax  *  450  m/sec 

Diaia  5  cm  Fuel  di~glykol  (powder) 

Wsight  3-4  J£g  Affective  Sange  800m 

'Explosive  500  gm 

Altfesisgb  500  gm  of  explosive  are  uaed,  the  use  of  s  large 
Mmfeerg  wMcii  will  natnrally  disperse  over  guite  a  vloume,  makea 
fchan  very  effektive,  A  single±  flghter  can  carry  and  fira  42  of 
theea  sistltöneoualya  Becsnse  of  the  »mall  weight  oönly  ccntact 

fvs&s  ars  Bsed© 


RK  INBGTfi 


f'our  atago,  long  ränge,  ground  to  ground  solid  fusl  rocket 
bullt  and  devc-itped  by  Rheinraetal  Borsig*  It  looka  about  as  foliews* 



Length  6m  Total. fceight  1-1/2  Ton 

Range  160  Km  lat,  2nd,  3rd  Stage  -6  wingsy  sach 

-fue-l(total)  50C  Kg  ( powder)  4th  Stage  12  fein,,;*?1 

Explosive  2G  Kg 

The  Operation  ccnsista  of  firing  the  first  »tage  in  launchiiig 
and  .  e  ach  succcssive  stage  by  meana  of  a  time  fuse*  The  a  tag  es  ar-j 
push-fit  assembled  in  -  auch  a  w,ay  that  wh?n  a  given  statTe  is  i'iretJL,- 
the  stage  behirtd  it  is  blovm  off« 

These  w*re  us-4  oporationally  against  Antwerp.  last  ^ovember  or 
December  being  fired  from  Zwolle*  approximately  twenty  wäre  l'ircd 
from  eight  firing  ;äarir inm  poaitlona«  Gen*  Dornberger  States  th.*t/, 

v  •  ■  '»V- 

the  dispersal  for  a  l$oKm  ränge  is  about  160  Km  and  that  in  general 
the  device  ia  iiiprnctical  because  of  too  mucn  gear  for  to  little 
payload*  It  was  used  operationally  only  because  of  the  insistanc.  of  G 
Gen*  Kanraler« 

•  ’■  .  %  i 

:%■ 

^  f  -  i 
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Taifun 


A  ground  to  air  liguid  rocket,  the  development  of  which  is  not 
coisplete.  Launching  takes  place  from  a  rock  vory  ainilar  to  the  "Do 
gerät"  (  named  after  Gen.  Dornberger) .  It  consists  of  a  framework  of 
rails  capable  of  launching  65  rocket»  simAltaneously.  It  was  planned 


to  fire  theae  with  tho  aid  of  a  Standard  optical 

Operational  use  was  planned  for  July  Ist. 

The  ch3xacterist3.es  arex 

fire  control  system. 

Length  220cm 

Vmax 

1200  m/soc 

Diam  10  chu 

Explosive 

500gm 

Max  Alt.  12  Km 

Fuel 

Vis  ol 

■iffec.  Range  12  Km 

Oxygan 

mo3 

Gen.  Dornberger  gave  two 

reasons  for  using  liguid  rat  her  than 

powder  fuel  in  this  .rockst. 

1«  Powder  was  very  »carce  and  badly  needsd  elsewhere. 
2.  Because  of  the  more  uniform  burring  of  the  liquid 


fusl  a  smaller  di»per»ion  rssulted.  Ke  quobed  the  accuracy 
of  the  liquid  ^oba»  1*1000  a»  against  lilOO  for  the 
powder. 
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a  ground  to  alr  radio  controlled  airplane-like  missile.  Tho 
development  was  by  tho  Deutsche  Versuch»  Anstalt  für  Luftfahrtforschung 
( DVX)  and  the  firm  Holzbau-Kissing  at  Sonthofen J 
The  general  detail»  are  as  follows* 


Length 

5m 

Vmax 

2öCiii/sec. 

Span 

3.5m 

Intelligence- 

-  Radio  Control 

&§§Explosive 

50-50  Kg 

Constructlon 

Wood 

Puel 

Visol 

Oxygen 

§§§  The  Osenberg  figure  was  500  Kg  but  General  Dornberger  States 
this  cculd  not  have  beon  correct* 

Gen.  Dornberger  stated  that  since  this  was  a  two-winged  missile 
and  turned  by  me ans  of  ail  aerLerons  in  the  wingsf  requiring  a  bahkt 
only  a  prusuit  course  was  practicall  When  he  took  over  in  January , 
this  project  was  the  first  of  the  five  active  aa  projects  to  be 
dripped  becausa  of  the  turning  complications. 

A  -  4 

Gen  Domborger  made  various  general  remarks  concaming  the  A— 4 
which  may  or  may  not  be  known  but  are  included  here  for  completeness. 

Development  work  on  the  A-4  ha»  been  going  on  for  the  past  12  years. 
The  aite  at  Peenemünde  was  chosen  because  it  wa»  the  only  place  in 
Germany  where  an  all  water  path  of  500  km  could  be  obtained  within 
German  territory.  Tho  path  was  from  Peenemünde  into  East  Prussia  wlth 
obser  rb.Lon  stations  disporsed  all  along  the  Baltic  coast.  Construction 
of  Peenemünde  was  bogun  in  1950  and  was  operating  by  1957*  The  total 
cost  of  Peenemünde  to  date  has  been  about  500  million  goldmarks#  It 
Was  completely  blown  up  before  the  Russians  moved  in. 

A  total  of  5*K)0  A-4's  were  built  of  which  $600  were  fired  against 
the  Allies.  The  cost  of  the  first  production  A-4  was  about  1-1/2  million 
mark»  but  the  final  cost  was  reduced  to  37*000  mark*.  This  cost  was 
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*-4  (  continued) 

contrasted  to  that  cf  a  German  bomber  coating  1.8  million  mark» 

'ind  having  a  life  of  about  three  trip*  against  England . 

Radio  was  almost  always  used  during  test  firings  both  for 
t  ei  einet  erirsp:  (24  channels)  aa  well  as  for  flight  path  dotarirdnation 
with  the  aid  of  D  F  etation** 

In  later  üiodels  of  the  A-4  more  occurate  bearing  coötrol  wa* 

obtained  by  the  ase  of  the  VIKTORIA  LdITßTfiOHlGSRAI.  He  did  not 

kncw  the  fre^uency  nor  the  exact  Operation  of  thia  system  bot  did 

»täte  that  it  was  a  lobe  »witched  »yatem  on  the  ground.  Cn  the 

missile  were  tv/o  dipoles  on  either  side  of  the  30t  lying  in  a 

plane  through  the  ;n;is  cf  the  missile,  The  accuracy  of  the  A-4  at 

2GÜ  rnilss  wa®  auch  that  50  %  feil  in  a  »quare  18  Km  on  a  side  when 

radar  v/aa  not  used,  With  sadio  bearing  control  the  accuracy  in 

beering  wa*  reducod  to  4  Km*  Their  original  calculations  had 
V 

snticipated  a  4  Kai  square  but  it  was  never  reallzod,  The  radio 
method  was  used  only  against  Antweirp  but  not  against  London  sine  j 
such  great  accuracy  was’ not  necessary  against  as  big  a  target.as 
London,  More  d jtails  will  be  obtained  from  3te.inhof, 

öince  Decenber  about  60/S  of  all  A-4»s  fired  U3ed  Buchold’o 
electrolvtic  int er rating  acc el eronet er . 

‘ 
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The  followinr;  Information  was  obtained  during  a  discußöion  o f 
tho  us  q  of  pilot a  in  rockets  for  AA  work« 

A  small  airplane  iß  leunched  vertißally  with  a  piolet  In  it« 

By  me  ans  of  pre-sot  Controls  similar  to  those  in  the  A-4f  the  device 
is  rocket  propell -ad  in  a  curve  such  that  plane  automat  ically  winds  up 
bohind  the  bomber  it  is  chnsing*  i>t  this  polnt  the  piolet  takes  over 
and  maneuvers  into  a  firing  Position«  He  then  fires  hls  24t3#l7cm 
rockets  in  one  bürst.  To  relsase  hi ms elf  he  presses  another  button 
and  the  plane  falls  into  parts  such  that  ho  is  automatic  ally  ejected 
ai  d  parnchutes  to  earth* 

Gen*  Dornberger  claimed  this  device  was  iurproperly  designed  and 
a.s  a  result  -»äs  unstable  in  launching*  It  haö  a  tendency  to  more 
from  a  vertical  launching  Position  to  an  upside  down  horizontal 
Position  which  was  fatal  to  the  pilot* 
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Oamiach-Parteaklrchcn  May  21  1046 


Short  Interview  wlth  General  Dornbargar . 


Interrogators  Dr.  P.  Zwicky  CIOS  183 


On  tha "Taifun“  rocket  work  waa  dorne  by  Dr. von  Holt  at 
the  V  A  S  A  O. 

Dr*  Scheuflln  (who  1s  not  avallab le)  vas  the  inventor 
at  Peenendnde«.  Interrogate  Dipl »Ing«  Dannenberg,  vho  ls 
here»  on  the  Taifun« 

Taifun  at  Feenendndo  waa  done  wlth  liquid  propellanta 
(optollne  and  nlxed  acld  and  powder  Charge  gaa  generator 
for  preceurlsatlon)  •  At  WASAG  the  aaste  rocket  waa  made 
wlth  aolid  propellant  Charge« 

1t  was  intended  to  fire  45  rocket a  fron  a  rack« 
(Slnllar  to  the  Euaslan  Katuaha  of  General  Roatlnko)« 
Bonto  waa  not  gulded«  Length  230  ca,  dlaneter  10  on, 
werbe ad  500  grans«  Dur&tlon  of  burnlng  4  aeconda« 
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General  (Er.  ii.C.)  Weiter  Hornberger* 

(Slnce  Janusry  1945  ln  Charge  ol  eil  tbe  Station«  afc  Peene¬ 
münde) 

1.  Th*  generrl  wrc  first  eshed  tc  in  vite  Ms  rcn,  ccm:  to 
the  Position  cf  cection  leadorc,  to  wrlte  e  curriculum  vitro 
ln  accoräer.ce  witfc  ins truct lens  clven,  slrich  ircluded  ce- 
tcils  of  both  perscnrl  nnd  Professional  cereers. 

£ •  In terr ltt.cn t  tuet  Voten«  (/.croreec-Rgtor«)  • 

Hornberger’ s  sectlon  rt  Peenemünde  rot  epparently 
Involveö  in  the.  rt evelc pm ent  of  reöcnating  duct  mot-cr«.  bat 
from  Indlrect  eontacts,  he  ha«  eoce  kncwledge  of  tbe  bistory 
of  these  development«,  »s  followsi 

a*  Dr Paul  Schmidt  (Wechanicel  Engineer)  whom  Horn¬ 
berger  knowa  peraonelly  startod  work  on  the  aeroresenator  ln 
1928  in  lfnnlch  (on  the  Flugplat*  Wiesenfeld)  •  He,  at  that 
time,  had  alrecdy  m»de  proposala  to  the  VJaffenamt  of  the 
Helchswehr*  Schmidt  experlmented  vlth  e  tube  e«  ahrwn  m 


Ac cord Ing  to  General  Hornberger,  Schmidt  la  the  typical  in- 
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verstor  type  who  ha®  ®  hard  time  to  carry  cut  bi*  Inventur.« 
In  s!3  bitter  deteila«  Fe  only  aucceeded  in  getting  hi« 
tubc  tr*  roacnat.®  for  «beut  one  tinut®  at  ®  time,  after 
«Mrh  the  ccrobuation  aput-tered  and  got  chokad.  Th®  experi- 
menta  r®re  negativ®  for  ®  long  time  as  far  aa  practical 
«jpMcationa  ere  ccncerned,  and  th®y  were  v®ry  coatly. 

Froc  1Q2C  until  1934,  the  Iiecreawaifenamt  and  the  1  lug- 
veffe  «bered  the  coeta  while  after  1938,  the  Luftwaffe  aub- 
altflred  the  whcle  of  Schmidt*®  development®«  In  1942, 
fchmidt  wer  requeetec  to  tum  hia  reaulta  and  patente  for 
development  of  practical  ^ctore  ever  to  the  *  Argus"  firm  in 
Berlin,  beende®  he  cculd  not  finance  the  productirm  of  hi« 
devtee. 

b.  romberger  doe*  not  know,  who,  at  the  Argua  Company 
aimplified  the  injection  «y« tem  and  «treemlined  the  final 
rodel  of  the  burz  bomb  motor. 

c.  cberaaba Ingenieur  Br®®  ahould  b®  able  to  give  In¬ 
formation  on  the  development  of  th®  buae  bomb  motor« 

d.  Fornber&er  ha®  not  heard  of  th®  work  of  Tanger  on 
valveles®  aeroduct®  (Iorin  tubea) • 

e*  The  buzt  bomb  rotor  craa  flovn  on  piloted  plane® 

(He  111)  ln  1942,  wlth  eit  her  tvo  tubea  mounted  eynaretri- 
cclly  on  the  wlngs  or  wlth  on®  motor«  On  th®  te«t  stand«, 
Dornberger  haa  aeen  only  the  buzz  bomb  motor*  of  regulär  dl- 
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mens  Ions «  The  re  wer©,  "howerer, -*two  verslons  of  the  busz 
bomb«  Tb©  flrat  modal  heö  e  theoretlcal  re nge  of  £50  k» 
wlth  e  varhead  of  970  kg,  wMXe  tbe  eecond  modal  whiob  was 
flred  from  Rollend  (and  ene  of  wfclch  apparentXy  Xanded  ln 
Bristol)  had  a  theoretlcal  reng©  of  370  km  et  e  aacrlf iee  of 
220  kg  in  the  warhead.  (Warhead  of  thie  model  was  750  kg) 
f  •  Domborger  thougfct  thet  ©nly  Argus  snede  buss  bomb 
notors.  However,  he  euggeet«  thet  Kr.  Sboroweki  et  BKW  oho 
moikod  cm  the  propulaive  power  plante  for  the  Schmetterling 
and  tbe  Ensian  ehould  also  be  queetloned. 

S*  Solid  (powder  propellanta)  for  longer  äuratlons. 

1.  DigXykoXpulver,  nanufectured  by  Waeäg  (Westfah- 
llsebe  Anbaltleehe  Sprengstoff  1.0.)  hynamit  A.G.,  vermale 
A.  Kobel  (Krumeei  bei  Hamburg)  and  Otto  Wolff  (Wala rode  bei 
Luneburg)  • 

2»  Einheltepulver,  mamafee tured  or  develcped  by 
tbe  aforementioned  faciories.  (Dornberger  dld  not  knote  that 
eotb  powder*  gave  exhaust  fleaies  and  wer©  swoky*  The  Germans 
apparently  have  no  solid  propellant  wlth  out  flame  and  wlth» 
ettt  na Oke*  General  Dornberger  t hinke,  lneorreetly,  that  auch 
e  solid  propell  an  t,  non-emoky  and  without  exheuet  flame,  ia 
not  poselble) • 

All  of  the  propellant*  wer©  moulded  wlth  a 
steril ike  cyllndrical  hole  through  the Ir  length  (and  wäre 
lateral  bumlng)*  Tbe  temperature  ränge  for  aafe  fl  ring  Ia 
t*m  «lau*  fertgr  degreee  Centlgrade  to  Plus  slxty  degrees» 
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whicfc  rang©  waa  aeceasery  for  the  safe  Operation  of  aselsted 
take«off  ^ctora  in  Ruaeia*  fh©  specific  fuel  ©onsumptlon 
for  assisted  tske^eff  prcpellants  i®  elwaya  of  the  erder  of 
5-6  grAs/atc«  whlle  for  short  darat lonß  srfeillery  rocket®, 
it  1*  mor©  like  4-5  grAg/s«c» 

Coneeraing  th©  whele  solid  propell&nt  deveXopraent,  Er* 

Fopl  was  stated  te  b®  Hornberger fs  best  informed  ran.  Er« 

Popl  i*  et  th®  present  at  either  Bad  Tolf  or  st  Koshel,  ffaa- 
serbaoeersuchsarstalt  (whlch  is  an  HAusAeicfcstellew) • 

h«  Ac cordin  g  te  Dornberger,  Hitler  wsnted  to  stop  the 
V-2  development  ln  1939  erd  even  in  1943  claliced  that  it 
could  never  fly  beceua®  he  had  <5r@«^t  that  It  could  not. 

The  r-2  had  n©  priori ty  of  any  kind  (keine  Dring lia chkei tastuf®} • 
Dornberger  ln  1939  went  to  von  Breuchltach  who  put  at  hio 
dispesal  4099  c cid ler a  with  wbom  h©  bullt  a  large  part  of 
the  Feenesmnde  staticns.  (Minister  Speer  also  aupported 
Domberger  whlle  Tadt  wes  egainet  hin).  Dornberger  saye 
Ud^t  ro^nltf ed  »ui  ei  de  beeauee  of  having  ortiered  large 
eeries  of  airplane  notors  whlch  proved  to  be  no  good  and 
for  «hieb  h#  had  to  take  the  blerne* 

i.  kt  the  bombing  of  Peenewunde  August  16  to  18,  1943, 
the  llvtag  querter®  wäre  mostly  destroyed.  Ther#  wors  732 
deed  altogetber,  anong  their  the  best  fael  chemlst  Dr.  Thiel« 

Cf  the s©  7 32,  only  120  were  of  the  regulär  German  etaff  whlle 
the  reet  eoneisted  of  Rus siena,  Poles,  etc«  Although 
1,500,000  kg  of  b©sb©  were  dropped,  the  teat  atatlons  were 
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undamageä  becaua©  all  of  thesi  wer©  dovble  11  cor,  double  vzc  f 
construc ticn  and  cnly  the  upper  Brructuros  wäre  dostroyod. 
later  followed  fcur  bombing»  by  the  American  Air  Force  of 


whlch  tbs  reoults 

wer©  ae  follows; 

First  etteck 

2  deed  and 

5  Injured 

Second 

n 

0  dead 

0  injurod 

Third 

i* 

0  dead 

0  injured 

Fourth 

tt 

0  dead 

0  in Jur ©d 

The  overeil  damage  to  th©  instölletlcns  wes  so  inslgclflcant 
that  th©  work  went  o n  alraoet  to  the  and  of  tha  war. 

j •  In  January  1944,  the  C£  atepped  in  and,  for  the  sek© 
of  grester  efficlency,  combined  the  staticns  et  Poemrsunde 
of  the  Arsy  and  tha  Air  Force»  Dornberger  wes  than  put  in 
overall  Charge,  ln  January  1945-  Und er  hie  Juri  r.c-lct  Ion  et 
that  tl&e  cen©  Fliegeroborat  Stabalngenleur  Broe  who  wes  frosn 
the  FIS  (Flugzeugentwicklung)  and  who  had  work  ad  on  the  Ha 
2939  298,  Fritz  X,  X4,  etc«  Also  Obaralieutnent  Haider  (of 
Flak  E,  Flugabwehrkanonenentwicklung  w  1«  had  worked  on  the 
anti-aircraft  rocket«  came  under  Dornberger ’a  Jurisdiction). 
Hornberger  relates  how  imposslbl©  it  wbe  in  peace  ti~e 
«averal  yeara  bafor©  th©  wer  to  lnte:e«t  any  privet©  concarna 
in  the  rocket  work.  He  approached  at  that  time,  Siemens, 
Krupp,  and  othera  rho  v/ould  have  non©  of  it»  Th©  mlMtary 
took  it  up  half  hearted-ly,  but  later  when  Peenemünde  wr.s  auc- 
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©•••ful,  even  the  Verkehremlalsterium  and  the  Po* tmlaia teriiaa 
heeaure  wery  interested  for  peece  tine  pufclie&tlon*  Peene- 
aunde  was  st&rted  in  «agnat-  2336#  The  first  V-2  fl*w  au©- 
cosrfolly  elong  its  course  on  3  Cctober  1942,  Indicatlng  it* 
Position  by  red io» 

k.  About  nuclear  raset  Ions,  Lomberger  ha*  heard  llttle« 
Ho  thinks,  howewer,  tbat  not hing  essential  bas  been  found, 
otherwlse,  ho  thinks  he  would  have  been  inforraeö.  Professor 
Werner  Heisenberg  was,  however,  seheduled  to  report  to  hisi 
Walt«  reesntly  ©n  the  progreas  in  that  line,  but  the  report 
«es  never  mad®  before  the  coll&pse  of  Oermany.  Dornberger 
s«ys  that  Heisenberg  has  a  llttle  house  in  Xochl  et  the 
Kochlsee  and  th*t  he  ^ight  still  be  thore. 

Dornberger  ©onfirra*  that*  11  war  technical  pro J «cts  in 
öormany  wer©  kapt  jpooret  and  very  llttle  Information  was  ex- 
ehsÄgec*  botween  the  varioua  groups  in  conformity  with  the 

Order  £1 

It  is  eorsldered  improbable  that  anyono  ehould  know  of  sny 
fisrther  wrk  »oeempllahed  tmleae  it  was  ln  bla  speclflcclly 
*s*igssed  dutäea«* 

Altogether,  3000  W-2*a  wore  ehet  over  to  England,  plus 
2500  test  shots  aloag.  the  Baltic  Coaat  and  ln  Poland. 

Interview««*  10  May  194S* 
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Interrogatior.  of  General  Dr«  Dornberger,  of  fS.W  Peenemünde,  now 
at  Garmisch-Partenkirchen,  on  29  June  1945« 

Present »F/Lt;.  H.M.  Stokes,  Capt#  W«N«  Ismay,  of  CIOS  Team  183  and  Air  Def¬ 
ense  Division,  SHAEF,  respectively. 

vject  of  Interrogation. 

Primarily,  to  obtain  information  neces.-ary  to  assesn  the  risks  to  life 
involved  in  Operation  "BackfirS"«  Düring  the  interrogation,  Domborger 
revealed  that  it  was  usual,  especially  towards  the  final  stages,  to  fire 
the  rockets  within  four  days  of  final  assembly,  and  that;  the  prox;ortion  of 
failures  increased  rapidly  with  the  time  of  storage.  e.g«  4%  failures  after 
four  daysj  17 %  failures  after  6  to  8  weoks«  The  reasons  for  the  increase 
in  the  number  of  failu  es  is  being  investigated  by  Dr.  Liebhafsky  and  IS/Lt« 
Stokes  and  will  be  reported  in  a  separate  paper. 

Appended,  is  gdist  of  30  people,  now  held  at  Garmi sca-partenkirchen, 
who  would  be  qualified  to  take  part  in  the  various  stages  of  firing  proced- 
ure. 

(A)  FUELS 

1.  Storage« 

(a)  Alcohol;  Precautions  as  for  storage  of  petrol« 

(ß)  Liquid  Oxygen* 

(1)  To  be  stored  at  a  safe  distance  from  alcohol« 

12)  Not  to  be  stored  in  closed  rooms. 

13)  Not  to  be  stored  near  open  fires« 

(4)  To  be  stored  in  meticulously  clean  Containers 
free  of  organic  matter« 

(5)  Containers  to  be  properly  vented« 

(c)  Hydrogen  Peroxide  (TStoff)i  Precaution,  as  far  storage  of 

liquid  oxygen. 

(d)  Permanganate  Solution  (CStoff)*  No  particular  precautions« 

2«  Transport 

The  precautions  to  be  observed  during  transport  are  identical  with 
thos©  for  storage,  providing  that  the  approved  transport  Containers  are- 
used«  None  of  the  substances  is  particularly  sensitive  to  shock  or  Vibrat¬ 
ion« 

In  rail  transport,  the  oxygen  wagon  must  be  spparated  from  the  alcohol 
and  peroxide  wagons  by  at  least  three  "safe"  wagons.  It  is  preferable  for 
the  alcohol  and  peroxide  wagons  also  to  be  separaued  in  a  similar  manner. 

If  a  live  warhead  is  involved  in  a  fire,  it  rnay  eyplode  due  to  the  heat 
in  one  incident,  a  warhead  exploded  five  hours  after  the  incident  ocurred. 

3*  Filling  the  Rocket. 

(a)  Provided  tbe  approved  equipment  is  used,  no  particular  tech- 
nical  precautions  are  necessary« 

(b)  Asbestes  suits  should  be  worn  when  handling  luquid  oxygen« 

(c)  '‘Mipolam"  (Resin  impregnated  fabtidP  clothing  and  p^otective 
goggles  should  be  worn  when  handling  Hydrogen  Peroxide«  Oxidisable  material 
must  not  be  worn« 
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(d)  No  pr otective  clothing  is  necesjary  when  handling  Permanganate 

Solutions. 

(e)  All  open  fianies  are  to  be  avoi&ed  di  ring  the  filling  Operation. 

4.  Accidents  with  Fuels 

(1)  In  opening  a  joint,  an  operator  sustained  the  well-known 
'*Cold— 'jurns'*,  when  a  large  amount  of  liquid  oxygen  poured  over  his  hands. 

(2)  After  an  appreciable  stay  in  oxygen-rich  surroundings, 
the  clothing  may  become  so  impregnated  that  combustion  may  occur  even 
half  an  hour  after  exposure  if  the  operator  is  in  proximity  to  open  flames« 
©uerators  have  been  injured  through  smoking  a  short  time  after  leaving 
the  oxygen  source. 

(3)  With  T  Stoff  (Hydrogen  Peroxide),  the  precautions  ebserved 
with  liquid  oxggen  apply  to  a  greater  degree.  Organic  material  must  not 
oe  allowed  to  come  into  contact  vs/ith  T  Stoff.  Accidents  with  T  Stoff  were 
almost  completely  avoided  by  observance  of  the  necessary  precautiona# 

5*  Accidents  in  Filling  the  Rocket. 

If  the  prescribed  regulations  are  observed,  and  trained  personnel 
are  used,  there  a  -e  no  risks.  If  otherwise,  the  risks  cannot  be  estimated. 

(B)  PIRISG 

1.  Cfaoice  of  Piring  Site. 

(1)  There  are  no  particular  limitations  on  the  type  of  ground. 
Gently  iradulating,  over-grown  ground  in  particuiarly  good  from  both  the 
survey  and  foundation  aspects.  If  the  firing  platform  cannot  be  mounted 
on  firm  ground,  a  concrete  or  railway-sleeper,  bed-plate  should  be  const- 
ructed.  Pire  fighting  equipment  must  be  available. 

(2)  A  sketch  of  a  typical  firing  eite  is  attached. 

2.  Mounting  of  the  firing  Platform. 

(1)  The  platfo  m  should  be  mounted  on  a  firm  base 

(2)  There  should  be  no  clearance  between  the  bl$st  deflector 
plate  and  the  ground,  otherwise  the  vacuum  produced  under  the  plate  may 
T-esove  soll  etc,  and  cause  the  platform  to  topple  over. 

3.  Condition  of  the  Site  after  firing. 

(1)  The  area  directly  affected  by  the  blast  is  shown  in  the 

-  attached  sketch.  Stoses  etc,  may  be  th  own  to  distances  up  to  200  metree. 

(2)  Hollows  were  forrned  by  firings  from  sandy  ground.  Pirings 
from  bard  ground  produced  very  little  effect  apart  from  sligjht  distarbanoe 
of  the  su  face  and  singeing  of  trees  in  the  vicinity. 

(3)  The  firing  platform  is  rarely  nlown  away  by  the  blast j  the 
maximum  distance  recorded  was  20  metres.  The  lubricating  greases  etc, 
for  the  ball  bearings  are,  of  course,  melted  and  washed  away.  If  the 
platform  in  properly  maintained,  i.e.,  cleared  and  lubricated  between 
eacia  ound,  up  to  25  rounds  may  be  fired  from  a  single  platform.  Without 
correct  maintenance,  the  platform  may  only  last  for  three  rounds. 
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Accident3  and  Failures  during  Firing;«, 

Failures  mey  be  divided  into  two  categories;  failure  of  the 
control  mechanism  and  failure  of  rocket  motor, 

(1)  Failure  of  the  Hocket  Motmr# 

(a)  VShen  using  the  T  and  C  Stoff  igniter,  explosions  in  * 
the  combustion  chairf^r  have  ocurred  due  to  non— uniform  ignition  at  the 
burner  cups«  Explosions  in  the  combustion  Chamber  may  also  occur  through 
the  presence  of  foreign  bodies,  oil  etc,  in  the  burnei  cups  «rd 

inlet  pipes« 

Explosions  in  the  combustion  Chamber  are  not  usually  dangerous  to 
personnel  although  Fragments  may  be  thrown  up  to  200  metres«  After  an 
explosion,  the  Fueld  sapply  is  cut-off,  but  the  fueld  between  the  valve 
and  the  combustion  Chamber  will  drain  off  and  feed  a  fire,  but  this  can 
be  extinguished  by  injecting  water  into  the  chamber. 

(b)  In  cases  where  the  thrusi;  ceases  after  the  rocket  has 
risin  about  one  metre,  one  round  usually  topples  over  the  the  fuels  mix 
slowly  caus ing  a  fire  over  an  area  of  then  to  twenty  metres  radius.  The 
fire  may  burn  for  five  hours  if  it  is  not  attacked  by  a  f  ire-f  ifehting  unit. 

(c)  In  cases  where  the  thrust  ceases  after  the  rocket  has 
risin  5  metres  or  more,  there  is  usually  an  explosion  dure  to  rapid  mi  tH  ng 
of  the  fuels«  Such  an  explosion  reeul  to  in  fragments  being  thrown  up  to 
200  metres® 

(2)  If  the  turning  Programme  does  not  operate,  the  rocket  con- 
tinues  in  vertical  fligbc  and  subsegaently  retums  to  earth.  Vertical 
firinge  were  carried  out  from  an  Island  1  km  long  and  100  metres  wide  off 
Peenemunde«  Sone  if  the  rounds  feil  on  the  Island;  the  nearest  was  1  km 
and  the  furthest  8  km«  There  is  of  course,  no  guarantee  as  to  where  rounds 
may  fall,  but  the  danger  zone  used  by  the  Experimental  Establishment  kt 
Peenemunde  is  shown  in the  attached  Sketch- 

Oonsiderable  damge  may  be  caused  by  an  inert  round  f alling  to  earth 
after  rieing  vertically  e«g.  craters  formed  in  hard  ground  will  be  approx« 
16  metres  deep  and  20  metres  in  diameter;  in  soft  ground,  10  metres  deep 
and  JO  metres  in  diameter« 
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CAUSES  GP  V-2  FAILURES 

In  Connection  with  the  Investigation  by  Capt.  Ismay  into  the  hazards 
asaociated  with  V-2  launohings  (see  his  attached  report) ,  General  Dornber¬ 
ger  reve&led  that  it  had  proved  necessary  to  fire  V-2*s  as  soon  as  poss¬ 
feie  after  assemfely  if  a  large  Proportion  of  failures  was  to  be  avoided« 
Eiring  was  to  be  within  5  days  after  assemfely;  when  this  was  done,  only  4% 
failures  were  encountered.  If  on  the  other  band,  the  assemfeled  rocket  was 
stored  for  2  months,  there  were  17%  failures  wven  after  careful  teste  and 
replacament  of  all  parts  found  defective.  We  accordingly  interviewed  Dipl» 
Ing*  Gbem  Gerhard  Heller  and  Ing*  Helmut  Zoike  conceming  the  oauses  of  these 
failures»  Heller  was  chief  chemist  at  Peenemünde  and  Zoike  studied  failures 
of  valves* 

Both  men  substantiated  General  Dornberger* s  story.  Failures  did  decreasa 
aarkedly  when  time  hetween  assembly  and  f iring  was  reduced,  but  no  scientific 
study  of  the  causes  fo  failure  could  be  made  in  the  field«  Zoike  estimates 
that  of  the  failu  es,  50%  were  due  to  plugging  o#  the  burner  nozzles,  40%  to 
valve  faulures,  and  30%  were  due  to  gHggUgZgatX  difficulties  with  electri- 
cal  equipsent  • 

Apparently  the  Proportion  (say  20%)  of  failures  encountered  upon  the 
operational  introduction  of  V-2  was  unexpectedl^y  high.  An  experiment  was 
done  soste  2  years  ago  at  Peenemünde  in  which  a  rocket  compkfce  without  warhead 
r  1  a  combustion  chamfeer  were  stored  and  examined  monthly;  the  conclusion 
then  was  that  corrosion  was  no  great  hazard,  and  this  conclustion  was  borne 
out  by  examination  of  the  parts  after  dissection.  The  discrepancy  between 
this  conclusion  and  subgequent  operational  experience  is  believed  due  to 
conditiQüas  being  more  favorable  to  corrosion  at  the  front.  Obviously  an 
Investigation  in  the  laboratory  of  all  the  corossion  conditions  ennountered 
in  practice  would  be  most  complex» 

Corrosion  of  Iron.  It  was  established  that  rust  from  the  cooling  envelope 
plugged  ferner  nozzles  (0.8  to  Immdia. )  It  was  considered  impractical  to 
seal  off  this  envelope.  Dipping  in  an  oil-water  emulsion  (a  red  oil  called 
Standoplast)  was  adopted  as  a  preventive  measuve.  This  proved  successful  as 
regarös  corrosion,  but  it  introduced  the  following  new  diff  iculty.  Upon  sta- 
nding,  the  oil  coalesced  and  gathered  at  various  places  to  cause  occasional 
oil-caygen  explosions  when  liquid  oxygen  flow  was  started. 

Corrogion  of  jJ&miTnm»  The  fonaation  of  aluminum  oxide  "sprouts"  was 
observed  expecially  on  Castings  such  as  those  in  the  pumps.  Son  grMt 
general  corrosion  of  the  aluminum  was  also  to  be  expected.  All  these  aluminum 
-©rrosion  products  could  contribute  to  the  plugging  of  the  burner  nozzles. 
jlh  addition,  «l-nmi-mna  showed  intergranul ar  corrosion  at  the  welds,  of  which 
there  was  a  great  number.  Welding  often  caused  grain  growXth;  atmospheric 
corrosion  of  the  grain  boundaries  subsequently  weakened  the  metal;  when 
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tHe  metal  wa*  subsequently  strained  as  in  the  f illing  of  the  alcohol 
tank,  ruptnre  occurred  and  the  alcohol  leaked  through.  Beads  of  the  alcohol 
yrere  occasionally  seen  to  form  in  this  wayj  a  special  inspection  of  the  rear 
o'  the  rocket  was  always  made  before  firaing  to  see  whether  such  leaks  were 
present* 

The  presence  of  alcohol  where  it  was  not  wanted  often  gave  rise  to 
wxygen-alcohol  explosions.  Such  expksions  are  one  explanation  for  the 
"Luft-Zerleger” • 

Anodic  proc^sses  for  producing  protective  films  on  the  aluminum 
were .  contemplated  but  were  never  applied  swing  to  the  size  of  the  job. 

A  green  organic  lacquer  was  applied  to  the  aluminum  surfaces  before  the 
welding,  and  the  welds  were  Jrepainted  afterward. 

No  penetration  of  the  1*5  io  2  mm.  Aluminum  walls  was  ever  observed 
at  a  distance  from  a  weld. 

Clogging  of  Bumers*  When  the  nozzles  of  burners  were  clogged,  as 
by  corrosion  products,  the  burners  usually  showed  heat  damage.  Such 
damage  occurred  more  often  with  the  alcohol  nozzles,  but  the  oxygen  nozzles 
also  suffered.  The  explanation  advanced  was  that  the  plugging  upset  the 
oxygen-alcohol  ratiojAm  the  neighborhood  of  the  noizlesgfoffected,  and  that 
this  wOuld  lead  to  unduly  high  temperatures  in  the  neigihborhood. 

Failure  of  Valves.  Valves  could  fail  because  of  corrosion.  For  example, 
„urrosion  products  could  jam  magnets  so  as  to  rnake  them  immovable,  thus 
making  gagnetic  valves  inoperable.  Although  chrome  plating  was  resorted 
to  for  protecting  Steel  parts,  the  plate  often  failed  to  protect,  which 
is  not  surprising  in  view  of  the  diffuculty  of  the  plating  job;  in  one  case 
for  example,  the  walls  of  a  hole  4  mm  wide  and  20  mm.  deep  had  to  be  plated. 

Valves  often  failed  because  rubber  (or  ersfetz)  gaskets  seized.  Sometimes 
rubber  (or  ersetz)  parts  became  brittle.  Rubber  bonded  to  metal  often  sep¬ 
arat  ed  fvoft  it,  which  caused  leaks* 

Electrical  Piff Aculties.  The  V-2  had  a  multitude  of  places  (contacts, 
soldered  connections,  clamp  connections)  at  which  corrosion  could  produce 
Circuit  dif'f iculties«  Failure  at  one  of  these  could  cause  failure  of  the 
rocket.  Deterioration  of  rectifiers  and  of  other  eleotrical  devices 
occurred  on  storage.  Much  of  the  electrica!  apparatus  contained  ersetz 
materiale.  Hydraulic  oil  occasionally  thickened. 

Because  of  these  many  potential  soureea  of  trouble ,  a  careful  check-up 
ae  complete  as  possible  was  always  made  of  the  eleotrical  System  before 
a  rocket  was  launched.  Even  such  a  test  often  failed  of  its  object  because 
>*ircuite  that  passed  a  static  test  successfully  ran  into  trouble  owing  to 
Vibration  inoidental  to  the  launching  and  f light  of  the  rocket. 
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A&nition.  Two  methods  of  ignition,  pyrotechnic  and  Chemical  (TO)  wer© 
ia  common  uae,  th©  latter  being  xnore  populär  at  the  front.  Each  has  its 
drawb&oka,  and  no  final  decision  as  to  relative  merit  has  yet  been  possible. 

Tha  pyrotechnic  method  consists  of  a  rotating  (Oetherine)wheel  driven 
hj  the  emitted  jets  of  fire.  The  resin  framework  used  was  supposed  to  b© 
aompletely  consumed.  Nevertheless,  chuhks  of  resin  carried  along  by  the  rock» 
©t  jet  often  damaged  the  carbon  vanes,  and  this  difficulty  was  serious  enough 
to  warrant  the  introduction  of  another  ignition  method. 

In  the  TC  method,  ÜVStoff  (hydrogen  peroxide)  and  C-Stoff  (hydrazine 
hydrate ,presumably  with  a  catalyst)  are  mixed,  whereupon  an  a^most  immediat© 
flame  re  so  Its.  The  chief  drawback  of  the  method  was  the  complexity  of  th© 
mechanical  System,  which  led  to  frequent  failures.  Thestffailures,  unlike  XX 
those  of  the  preceding  paragraph,  in  no  way  damaged  the  rocket;  it  was  only 
necessaxy  to  replace  the  defective  ignition  unit  with  a  good  on.e. 

Becoamendations  for  Fi  ring.  Zoike  and  Heller  recommend  that  all 
captured  rockets  be  carefully  tested  before  firing,  and  that  all  defective 
parts  be  replaced.  They  suggest  mechanical  cleaning  to  remove  corrosion 
Products«  They  point  out  that  disassembling,  cleaning  and  reassembling,  if 
too  thorough  may  introduce  mora  troubles  than  they  eure. 

The  testing  falls  into  three  main  catagories;  (1)  electrical  testing, 
including  testing  of  the  Controls  (2)  low-pressure  leak-test  of  the  entire 
sesably  abwe  the  pump;  the  high  pressure  side  below  the  pump  cannot  be 
lenk— tested.« 

üoeabustiou  tests  cannot  be  made  on  the  assembled  rocket.  Motors  can 
be  arenowed  front  the  rocket  for  static  tests. 

¥-2  was  always  fired  with  the  tanks  full,  the  oxygen  tank  being  topped  • 
up  after  wailts  of  aore  than  20  minute s#  With  full  tanks,  the  initial  accel- 
eration  was  one  g«  The  rocket  will  stand  accelerations  up  to  4  or  4  1/2  g. 
O&Tiously,  starting  with  the  tanks  mearly  empty  would  damge  the  rocket. 

Gen*  Dornberger  considers  firing  with  reduced  loäds  possible  but  too  risky 
to  ©vkespt* 

Conelimida  General  Dornberger  expressed  the  opinion  that  not  more  than  one 
out  erf  20  or  50  captured  rockets  could  be  launched  sudcessfully  in  their 
present  condition.  Zoike,  perhaps  less  Pessimist ic,  thought  we  might  expect 
255t  failures  on  captured  rockets  carefully  tested,  with  parts  replaced  where 
neeessary.  In  any  case,  careful  testing  by  trained  (German)  personnel  would 
see*  to  be  in  Order  before  launchiag  is  attempted. 

We  believe  that  the  German  experience  with  V-2,  as  demeribed  herein, 
»serres  careful  consideration  in  Connection  with  any  attempt  to  fire  the 
captured  rockets* 

H.A.Liebhafsfcy  &  H.M  Stokes  (OIOS  185) 
Garmisch-Partenkirchen,  30  June  1945 
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1-CV  ihKOG  -.TlOS  PF  Dü.  V- 11  he lm  )LF  ~K3 

Bi  i  F/Lt.  Stokes,  .ür*  Porter  at  Garnisch-  P^rt  uikirchen. 

DAT.:»  :  21  Kay  1945. 

conceraod 

Dr.  Ufers  wa  j  rimarily/v/ith  tho  otbillty  cif  the  control 
equipment  of  the^tfassorfall1',  and  with  tho  "  .inlirJt-kechner". 

He  worked  und  er  Pr*  Ketzer,  both  &t  Peenamiinde  and  at  Heye 
dleicherodo  and  wes  to  a  cert&in  extont  responaible  for  Pr  David*  s 
work  on  the  electricsl  modil*  See  roport  (  which  is  separate)  for 
d et alle. 

By  pi&cing  together  the  various  ideaa  obtalned  fron»  Br#  olfers, 
and  others  a  schematic  diagram  of  the  ground  control  equipment 
int  and  jd  for  Wasserfall  was  drawn.  This  diagram,  shown  in  Fig*  1«, 
la  bolieved  by  the  Interviewers  to  be  essentiell/  the  syst am  plan&ec 
for  Wasa or fall*  It  should  be  realized  that  no  systoia  of  this  kind  h;s 
actually  baen  testod  and  there  was  a  certsdn  smcunt  of  iK»»gagt «alt 
disorganizo’wion  amoung  the  various  individuale  worKij.g  on  tru  degrelopmaa 
as  to  what  would  bo  satiaf actory  and  what  would  not* 

Two  radar  Systems  of  the  ,,MannheiIa,,  type  are  ua  ed  for  d  iteriaining 
the  pr 33 ent  Position  ofthi  targot  and  oi  tne  rocket,  respectiwely* 
Becauso  radar  units  cannot  bo  locat jd  cloae  tog-ethcr,  a  parallax  comput 
is  used  to  convert  the  data  from  one  of  the  Systems  to  tha  coordinate 
System  of  the  other, 

For  tho  first  six  soconds  of  flight,  therocket  rises  vertically 
under  its  ovm  control*  At  the  end  of  this  time  the  operator  takes 
Control  and  flies  the  rocket  in  accord&nc ;  with  inf oriLation  present ed 
on  an  indicator  (  cathode-rey  tubo  )•  This  Information  includes  the 
differenco  in  azimuth  o^fti  jf  er  ab  ly  tho  «laut— plane  anglo  botween  the 
rocket  end  tha  tnrget,  which  is  presented  on  thi  horizontal  plates, 
and  the  differenco  in  olevation  angle,  which  is  pros  ?ntad  on  tha 
vertical  platea,  thus  movinc  a  spot  in  such  a  way  as  to  indicate  the 
angular  Position  of  the  rocket  with  respact  to  the  line  of  sight* 

Düring  tfc'ö  trrnsition  poriod,  when  thi  rock  t  is  to  be  guided 
from  its  verticsl  path  mto  tha  line  of  sight,  a  second  spot  is  shown 
on  the  indlcetor,  which  givos  an  Hjgfct  artificial  olevation  Position 
for  the  rocket,  displ  cid  froi  the  real  position  by  an  aaount  e mal 
to  the  displacomont  of  a  theoretical  ti*©nsition  path  from  tha  line 
of  sight*  Thus  it  ia  nnly  neceseary  for  tha  op  srator  to  keep  this 
second  spot  in  the  center  of  the  tube  in  ordor  to  ruide  the  rocket 
amoothiy  into  tho  re  ruirod  trajictory* 
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Ttia  displacomnt  oi  the  aacond  spot  ia  computod  oy  n  de  via  ;  known  oa 
ti»  ?*^i JÜ  i nr-hecfaner “ ,  sonie  Linas  refarrad  to  us  "Guiamiband".  It  containa 
tiwo  Integrators  which  are  arrang _d  in  &  feed— back  systora  so  a»  to 
prodace  the  aecood  derivative  of  tbe  elevaticn  acgla  between  the  rookot 
and  the  tarrat.  i’he  diff aronce  angle  is  brought  to  yero  aa  quickly  aa 
po-s&ibls  #  by  "Guxoaiband**  without  exceeding  c  art  sin  arbitraxy  valuos  of 
tbe  aco  laration* 

a  thlrd  c©spftiting  eleiaent  known  as  the"  T-  Hechner“  is  also  required 
f®r  thia  control  systen*  ab  can  be:s  säen  in  Pig  *1#  tue  aotion  oi  the 
rocket  1®  controlled  by  c  "Joy-stick"  which  cnanges  tbe  kcying  of  four 
andlo  tone»  on  tha  trsnsnitter  "  Kran:,#  one  pm  of  tonea  ccrreeponding 
**>tioa  of  each  pair  of  control  surfaces*  However  the  rocket  is  not 
flrac  fron  a  rctating  platfora  cad  conssqusntly  the  relation  between  tbe 
control  suffacee  and  the  vartical  will  depo«d  on  the  azimuth  ringle  of 
the  tsxgat.  Fiurthurnore  the  r  ;lrtion  of  the  control  surfacas  tothe  x 
wrtical  will  Change  during  f  light  dep anding  on  the  exact  nature  of 
the  tea^actory,  as  ms arm  ‘in  Fig*  2«  It  is  true  that  the  arrLingenent  of 
the  gyrcscopas  in  ths  rock  t  is  such  as  to  prevent  rot at ion  about  the 
oxl®  ©f  the  rode  et  *  bat  the  type  of  motion  shown  in  Fig,  2  does  not 
Inclwde  rot 3t ion  about  the  a^la  and  consequently  can  occur*  The  **T" 
©o®P®ter  keops  track  of  the  Position  of  the  conbol  surf ac  es  and  resolves 
th©  Motion  of  the  control  stick  in  such  s  way  as  to  send  the  proper  Signal 
to  each  pair»  This  reaoloing  «etion  can  he  accomplishsd  in  several  jreyot 
■®h©  staplest  oi^ply  being  a  rotation  of  tho  whole  control-stick  assembly 
with  respect  to  the  ©per&tAn« 

The  A  4  l,l^i»chger8t,,  was  used  but  had  to  be  changed  because  of  the 

roll  Stabilisation«  All  four  ruddara  are  used  for  roll  correction 
lnstea£  of  only  two  as  in  the  A  4«  The  same  kind  of  Stabilisation  R-C 
aetaosk  wes  used  in  %  aaserfall  as  in  A-4.  Ihirty-five  rockots  were  firad 
wsing  the  X-;2  Serv©  and  fixe  using  the  new  electrlacal  SerYo.  Of  these 
last  fite  only  one  maßet  workad  as  it  ahould«  Position  feedUback  was  used 
£'mu  the  rudder« 

Pr«."lfns  was  asked  about  testing  tho  stobility  of  a  recket  syst  am  9 
and  gave  a  brief  description  of  Pr«  Davids  aodol#  He  believes  that 
'ovlds  elactrical  device  is  very  mich  bettar»  than  Dr,  Hausserman's 
pendnlma  f  oraccur  rt  ^  werk« 
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lt  -iWaftaal  detaila  thi$  ;:soa#a  cao*oar  m*e  £iv«m  lu  ^ 
variier  reporfc  O&tod  ifi  iay  1045 

IU  T&o  ioil4  la,3  dotiUla  vtvn>  .oötainal  r.egarding  the 

‘‘l&aXjXteabtar*  whioh  is  a  tswo  öiage  oatl^alroyaft  roaädfc«  ur#  £rlobo 
atr©«««&  poiafc  tfcat  ooutd  give  dal/  approxifimi© 

Ion«  etd#  ad  tto«  sigur©«  abo  -Id  d©  ofeco&ed  froa  othc^r  »601*003* 

Hwm  «er®  dir©*  aodeta  of  th®  °"thelntoohterrT  hioh  as»e  referrod 
te  M  l|  SIe  Äad  HX*  Sr#  nrl^’t©  oould  gir©  u»  ao  lmdftjatioa 
»«prdiag  HI#  £&#  Infwnadtda  ©a  X  «ad  XI  ia  tdbulated  te«\o*. 
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3#  Br»  Priofc©  ms  queatloasd  rs&ard ia-  the  natura  of  the  solid 
prnoellaats  trat  he  oould  ive  m  detail»*  He  said  tfaat  thls  was 
a  n&ttor  xor  th©  xianufaoturea  and  referrtd  ■-»  to  th©  L*S*  Dopt* 
of  Hholmetall-Borsig  (Bi  Tag*  uller)*  H*  statsd  that  he  did 
not  feuoT?  th©  pressure  ia  th©  oos^ustlon  oha&fcer»  hot  said  that 
thö  mlla  ~öts  8*10  mn  thlcfc* 
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Interrogation  of  Dipl  Ing  Geisaler  -  KW  22  and  Dipl  Ing  Johann  Klein  EW  22. 
re  Wasserfall.  Present  S/L  Sharp  and  F/L  HW  Stokes. 


1»  Geisel er  confirmed  that  the  differencea  between  the  four 
Wasserfall  typea  reelded  mainly  in  the  diaensiona  and  fora  of  the  rudders 
and  the  design  of  the  "Heck"  or  rear  section  of  the  aiaaile,  also  the 
atewring  aechaniaa. 

2.  The  ateering  mechanism  uaed  «rere  aa  followai 

W  1  —  Askania  aervo  gear  aa  used  in  the  A-4 
W  2  —  JTot  known 
W  3  —  I  12 

W  4  — .  Two  types  of  aervo  devlcea  were  prorjected  for 
thiai 

(a)  An  hydraul ic  aechaaisa  teraed  "Primitive  Hydraulik'’  apecially 
desigasd  by  LOW  for  uae  in  Wasserfall,  Thia  has  a  liaiting  facto r  of 

70  seos  in  whioh  tiae  the  hydraulic  content  ia  uaed  up.  The  pressure  is 
derived  from  a  nitrogen  bottle  eapeciaUy  fitted  for  thia  purpose.  Accord- 
lng  to  Qeissler,  the  pressure  of  the  W-bottle  ia  60  ata  and  thia  reduced 
to  30  ata  for  Operation. 

(b)  At  Peenemünde!  work  was  in  progress  on  air  Electric  aervo 
chaaisa  by  Oeissler(ELein  and  Wiklas.  This  was  still  very  far  from  coa- 

pleted»  work  was  still  in  progress.  Thia  was  substantially  confiraed  by 

Dipl  Ing  Johann  Hein. 

Both  aubjecta  confiraed  that  Wasserfall  was  far  fron  a  state  of  corap- 
letion  and  that  feasically  the  state  of  the  weapon  could  be  called  fully 
developed  as  far  as  the  aissile  itself  was  concemed,  whereas  the  c  -ntrcl 
Problems  had  bnly  been  partly  aolved.  Wo  single  trial  againat  a  target 
has  so  far  been  made. 
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WASSERFALL 


,  Thees. 

Team  5G4 

Control  St-  stem  -  -  Dr,  Klein,  l)r.  Geis1  ler 

Wasserfall,  at  least  in  the  ea  -lier  models  nad  thre?i  free  gyros 
mounted  so  as  to  measure  pitch,  yam  and  roll  separately.  Each  had  a 
doubld  Potentiometer  |)ick  off  on  the  outer  ring,  wired  as  a  bridge  Circuit 
so  that  a  movement  of  the  outer  sing  with  respect  to  the  case  unbalanced 
the  bridge.  The  latter  was  fed  with  D.C.  so  tnat  a  D.C.  output  was 
obtained  from  the  pick  off«  This  D.C«  output  was  fed  into  a  ring  modulator 
which  produced  a  proportional  500  c/s  AC  output.  This  was  then  amplified 
rectified  and  fed  to  the  rudder  servos.  There  were  four  separate  rudders 
servos  which  each  drove  a  linked  aerodynamic  and  jet  rudder  assembly. 

The  servos  used  were  the  LGW  6il  type  ffll  as  used  in  the  later  models  of 
U2.  A  pure  electrical  servo  of  smaller  size  had  been  designed  and  was 
to  replace  the  oil  servo.  The  output  from  the  pitch  gyro  came  from  the 
ring  modulator  as  a  balanced  output  and  this  was  fed  to  the  two  amplifier 
valves  operating  the  two  liorizontal  rudder  servos.  The  output  of  these 
valves  was  so  arranged  that  a  balanced  out  put  worked  the  tvo 
rudders  in  the  same  direction,  and  so  produced  pitch.  In  the  same 
manne c  a  KMIffiüGf  balanced  output  from  the  valves  operating  the  vertical 
rudders  moved  them  in  the  same  direction  and  gave  yam.  The  balanced 
roll  output  was  fed  to  the  centre  YjfYtfgK  points  of  the  balanced  pitch 
and  ovam  putputs.  This  caused  an  opposite  motion  of  the  horizontal  and 
vertical  rudders  and  produced  roll.  A  Potentiometer  in  the  rudder 
servo  provided  a  feed-back  signal  which  was  fed  back  into  the  ring 
modulat  r  inputs.  For  a  given  gyro  insalignxmment  and  therefore  the 

ndders  took  up  a  given  deflection  ß  given  by  ß-K«(  -  The  motion 

of  the  rudders  in  taking  up  this  deflection  by  internal  servo  damping 
being  damped.  The  constant  k  was  determined  both  by  calculation  from 
wind  tunnel  measurements  and  by  trial  in  test  flights,  in  order  to 
obtain  self-stability  of  the  missile.  It  was  varied  as  a  function  of 
time  by  altering  the  potential  applied  to  the  gyro  pickoff.  In  this 
way  stability  was  maintained  as  the  speed  varied.  Radio  control  was  by 
means  of  the  Standard  Kehl  —  Strasbourg  gerät  as  used  SS  in  HS  293* 

The  systern  used  GW  on  49.5  infs  modulated  with  two  pairs  of  tones,  one 
for  L/R  and  one  for  U/D.  The  output  from  either  command  channel  wa  s 
an  equal  space  to  mark  square  wave  when  no  command  was  being  given,  a 
conmand  givi.ng  an  increase  o  decre&se  in  the  space  to  mark  ratio,  so 
that  the  menn  DG  level  of  the  square  wave  was  proportional  to  the 
amount  of  cont-ol  stick  motion.  The  command  Information  was  fed  back 
into  the  stanilizing  Circuit  in  either  of  two  ways.  In  one  way  the 
receivor  outnut  was  fed  througn  a  relay  amplifier  called  the  "Ita— regier" 
to  a  small  DG  moto--  which  then  rotated  the  gyro  fick-off  Potentiometer 
at  speed  Proportionen  to  the  rnean  DG  level  of  the  command  Signal. 
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When  this  method  was  used,  the.efore,  the  change  of  direction  of  f  light 
was  proportional  to  the  time- integral  of  the  amount  of  control  stick 
movement  away  from  neutral  postion.  In  the  second  cer.e  the  receiver  out¬ 
put  was  rectified  and  the  resulting  D.G.  Signal  was  fed  into  the  approp- 
riate  ring  modnlator  in  series  with  the  gyro  putput.  fhis  then  produced 
a  change  of  flight  direction  proportional  to  the  stick  motion,  and  on 
returning  the  stick  to  its  neutral  Position  the  missile  flew  again  in  the 
original  direction.  Apparently  the  rate  method  of  control  was  preferred. 

The  receiver  aerial  System  consisted  of  two  crossed  dipoles,  each 
element  of  which  was  mounbed  on  an  insular ing  support  on  the  trailing 
edges  of  an  air  rudder. 

METHOD  TO  TRAffSCTORY  COITTROL 

The  weapon  was,  in  the  first  instance  for  use  in  daytime  against 
day  bombers  yand  an  optical  method  of  control  was  to  be  used.  The  setup 
on  the  ground  consisted  of  a  firing  platform,  a  telescope  for  observing 
the  target,  a  telescope  fo”  observing  the  missile,  the  observer  for  this 
telescope  being  in  control  of  the  missile,  a  Computer  called  the  "Einlenk 
Gerat"  and  the  Kehl  transmitter.  In  the  set-up  at  Peenemunde  these 
various  postions  were  grouped  together  within  a  f  ew  metres  of  one  another. 

The  missile  was  controlled  so  as  to  fly  on  a  line  of  sight  course 
with  reepect  to  the  Controlling  observer  and  the  target.  The  method  of 
launching  the  Wasserfall  bowever  vecessitated  some  increased  complexity 
over  the  simple  line  of  sight  procedure.  The  missile  was  launded  verti— 
call y  and  flew  in  this  direction  for  six  seconds  up  to  a  height  of  150 
metres.  It  was  then  nacessary  to  control  the  missile  so  that  its  direc¬ 
tion  as  seen  by  che  Controlling  observer  was  t  he  same  as  that  of  the  tar¬ 
get.  If  theses  directions  are  defined  in  terms  of  elevation  and  aaimutb 
the  met  cd  may  be  described  as  follwws.  Apart  from  parallel  corrections, 
the  observers  telescope  started  by  looking  vectically.  After  six  secondf, 
it3  aaimuth  was  controlled  by  the  aircraft  viewing  telescope  so  that  the 
two  were  equal.  Its  elevation  was  also  controlled  so  that  if  target 
elevation  was  and  the  observers  telescope  elev&ion  was  ß  xe  have  the 
differential  equation;  f  (t)  ^  +  k(j-b)  ♦  g  (j-b)  -0 

K  is  a  calculated  dam;  ing  coustant.  f  (t)  xs  a  function  cf  time  after 

launch  such  that:  >  12  .  .  „  ,  „  „  .. 

f(t)  - -  t  m  secs.  and  g  (•  -  b;  is  function 

of  the  elevation  insalignmentä""Kiü£IElEIXM  which  is  approximately  linear 

for  small  insalignments  but  becomes  constant  at  large  walues.  If  the 

Controlling  observer  kept  the  ipside  central  on  the  crossed  wires  in  his 

field  of  view  then  it  flew  on  a  course  which  upp  -oached  the  correct  line 

of  sight  asymptotically  and  when  it  was  actu^lly  on  the  line  ox  sight 

be  held  it  there  as  closely  as  possible.  A  diffx-  ity  arose  since  the 

control  axes  of  the  missile  did  not  coincide  with  the  control  axis  of  the 

observer. 
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The  relative  rotation  of  the  two  Systems  arose  because  the  mdssile  could 
be  directed  on  to  any  azimuth,  and  since  it  coulg^ggt  roll  about  its  own 
longitudinal  axis  a  roll  with  respect  to  space^was  produced.  This  effect 
was  to  be  measured  with  some  form  of  radio  gear  on  the  back  of  the  pro  j- 
ectile.  Since  roll  is  to  be  determined,  some  fonn  of  poläritation  method 
was  necessary,  the  180°  ambiguity  being  resolved  by  a  knowledge  of  the 
control  applied.  The  component  of  roll  with  respect  to  the  line  of  sight 
was  then  fed  into  the  control  system,  as  for  example  by  rotating  the  cont¬ 
rol  stick  pick— off  column,  so  th^Lt  the  observers  axes  beoame  those  of  the 
missile .  The  whole  correcting  device  was  called  the  "Tau-rechner" •  niPor 
use  when  visibility  was  not  good  enough  for  optical  control  radio  methods 
had  been  thought  about.  The  use  of  the  Wurtyburg  equipment  for  target 
Position  measurement,  assisted  by  Doppler  effect  methods  to  overcome  the 
use  of  window  was  considered,  the  idea  being  to  use,  the  azimuth  and  elev- 
ation  fron  this  äet  for  feeding  into  the  Einlent  gerat*  A  second  Wurtyb¬ 
urg  was  used  for  the  missile  positioning,  the  aerial  being  rotated  manua- 
lly  so  as  to  move  the  control  line  in  accordance  with  the  Einlent  gerat 
output  and  the  missile  misalignment  with  respect  to  this  aerial  being 
kept  at  zero  by  the  control  stick  operator.  The  initial  control  from 
the  veriical  Position  into  the  Wurtyburg  beam  was  by  optical  methodst 
by  observing  the  ilumination  from  the  Jet  through  a  telescope. 

BOMIHG  -  Pr.  Weiss 


Dr.  Weiss  had  worked  on  the  design  of  an  infra-red  ho$ing  eye  for  Wasser¬ 
fall.  The  first  idea  was  to  use  an  eye  which  was  mounted  rigidly  along 
the  axis  of  the  pro  je  etile  and  which  gavd  proportional  indications  of 
target  misalignment  off  this  axis.  This  method  «uffered  fromtro  di»- 
advantages.  Eirstly  that  pitch  and  yaw  of  the  missile  gave  false  indic¬ 
ations  of  the  angle  between  the  tangent  to  the  f light  path  and  the  direc- 
tion  of  the  karget,  and  secondly  that  if  a  predicted  collision  course 
was  being  flown,  the  direction  of  the 'target  might  make  a  large  angle 
with  the  axis  of  the  eye,  thus  necessitating  a  la  *ge  field  of  view,  and 
consequent  decrease  in  ränge  sensitivity.  It  was  therefore  decided  to 
use  an  eye  mounted  on  a  stabilized  platfrom  which  was  so  ateerdd  ,  during 
the  initial  ground  control  of  the  missile,  that  3X  the  eye  looked  always 
along  the  line  of  sight  and  therefore  at  the  target.  This  was  to  be 
done  by  means  of  the  "Krücke  gerät”  for  which  two  forme  had  been  sugges- 
ted.  In  one  scheine,  the  eye  was  rotated  on  the  platform  by  Signals  fron 
a  backward  looking  receiver  which  D/E»ed  a  ground  tranamitter,  and  in  the 
other  scheine,  the  eye  was  tumed  by  Signals  from  the  ground  in  direotion 
which  was  determined  from  a  measurement  of  the  rockt  direotion»  In  eit  her 
case,  when  the  missile  came  within  the  operating  ränge  of  the  «g 
device  control  was  handed  over  to  the  eye  which  from  tbhen  on  remained  with 
its  axis  looking  in  a  direction  fixed  in  spaoe.  The  inaoeuraoy  of  the 
"Krücke  Gerät”  in  pointing  the  eye  in  the  oorreot  direotion  would  lead 
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to  au  initial  miselignment  B  fef  the  target  with  respect  to  the  eye  axis 
being  measured.  This  was  used  to  produce  a  rudder  angular  motion  B  such 
— iat 

B-  f  (3) 

The  ideal #trajectory  would  be  one  for  which  3«C,  this  leading  in  the  case 
of  a  straight  flying  target  to  a  straight  line  collisicn  course  and  in  the 
ease  of  a  non-linear  target  motion  to  a  sideways  acceleration  of  the  inside 
which  was  not  greater  than  the  sideways  acceleration  of  the  target.  In 
Order  to  produce  a  stable  honacing  tra^ectcry  the  funttion  f(3)  had  to  contain 
other  time  derivative  of  B  but  its  form  had  not  been  determined. 

The  homing  device  consisted  of  a  minror  with  a  rotating  shutter  at 
the  focus.  The  light  passing  through  the  shutter  was  fiffused  on  to  the 
swrface  of  an  Elac  infra  red  cell,  the  output  of  which  was  amplified. 
leise  produced  a  shutter  with  stips  giving  square  wave  chopping  of  the 
radiation,  the  chopping  being  at  constant  frequency  for  an  image  on  the 
axis,  but  having  an  increasing  frequency  modulation  deviation  for  a  source 
at  increasing  angular  misalignments.  The  output  of  the  amplifier  was 
therefore  connedted  to  a  frequency  discrimminator  giving  a  vine  wave  output 
j^-ose  anqplitude  was  a  linear  function  of  radial  unsalignniai t  and  whose 
Phase,  on  comparison  with  a  reference  commutator  gave  insaligment  components 
with  respect 4to  the  eye  &xes.  The  use  of  frequency  modulation  as  an 
measure  of  proportional  unsalignment  was  said  to  give  the  direction  of  the 
brightest  spot  in  a  distributed  target  rather  than  the  centre  of  gravi ty 
ofthe  radiation,  but  this  does  not  appear  to  be  true  if  normal  amplitude 
limitting  is  carried  out  before  passing  the  Signal  into  the  discrimminator* 
This  method  however  seems  to  lead  to  a  very  simple  Circuit  for  sorting 
out  proportional  insaligment.  The  beam  width  necessary  for  a  homing 
device  used  in  this  mann  er  was  determined  by  the  accuracy  of  the  "Knlke 
Gerät"  and  also  how  far  the  manoverability  of  the  missile  could  keep 
3»0#  Beam  widths  actually  used  were  from  6°  to  12°.  Weiss  said  he  had 
a  scheine  for  using  a  much  m  narrower  beam  but  refused  to  discuss  it. 

It  is  presumed  that  he  was  considering  a  locked  follow  eye  with  initial 
scanning  ln  order  to  find  the  target. 

The  Blnlenk  Gerät  -  Dr.Slven 

The  Blnlenk  gerät  was  for  sclving  the  equation 

f 

The  Circuit  was  as  followsi- 
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The  values  of  g  B  and  gÄare  obtained  from  non-linear  Potentiometers 
n  the  missile  and  target  telescope  axes.  was  obtained  from. a 
generator  on  the  target  telescope  axis . 

We  have  from  the  equation  (  1  ) 


u.  p 



2  ) 


.(  5  ) 



The  terms  -  ,  with  ^  ff) f ed  in  f 

as  over-all  amplitude  control,  were  integrated,  witn  feed  back  of  K f3 
and  the  resulting  output  was  ^3  •  This  was  again  integrated  and  the  output 
P  was  used  to  drive  the  observers  telescope  servo. 


The  Taurechner  -  Dr.  Lange. 

One  method  proposed  by  Dr.  Lange  but  not  actually  constructed  was 
co  follow  the  target  with  a  scanning  Wurtyburg  beam  and  to  have  a  responder 
in  the  missile.  Since  the  polarization  of  the  Wurybui-g  beam  was  rotating 
the  Signal  picked  up  hyxanr  had  a  dipole  on  tha  missile  /  sine  /  modulation. 
The  phase  of  this  modulation  with  respect  to  the  totation  of  the  Wurtyburg 
dipole  gave  the  required  angle  of  roll,  Tau.  The  Signal  picked  up  by  ths 
missile  was  repeated  kx  kfcx  back  tothe  ground  where  it  was  received.and 
the  second  harmonic  compent  was  picked  upt.  This  was  used  to  lock 
an  oscillator  of  frequency  equal  to  the  rotation  frequency  of  the  dipole 
and  the  output  of  this  was  compared  in  a  phase  sensitive  rectifier  with  a 
sine  wave  generated  on  the  dipole  shaft  ihself .  To  avoid  ambiguity  it  iß 
necessary  that  a  continuous  measurement  of  Tau  be  made. 


Proximity  Fuses  -  Dipl.  dng.  Smück 

Proximity  fuses  for  Wasserfall  were  boing  developed  by  several  firms. 
ifilectrical  P.F»s  were*- 

karabou  -  made  by  Siemens-Halske-  Berlin. 

This  had  Tx  and  Hx  with  separate  aerials.  It  worked  on  a 
frequency  of  375  llc/s  and  the  transmitter  had  a  saw-tooth  frequency  of 
deviation  several  lic/s  with  a  1  kc/s  repetition  rate.  There  wes  also  an 
amplitude  modulation  of  100  kc/s.  Signals  refleoted  from  a  target  were 
picked  up  by  the  receiver  and  mixed  with  some  of  the  transmitter  Signal. 
This  produc ed  in  the  mixer  a  100  kc/s  gignalwith  an  amplitude  modulation 
of  frequency  equal  to  the  difference  of  frequenay  between  direot  and 
reflected  Signals. 


327 


££t*r  pasaing  through  d  100  kc/s  filter  thia  waa  rectified  and  the 
**Sult  was  passe  into  a  furtbar  filter  which  could  be  aet  to  pass 
Signals  below  a  certain  valwe,  depending  on  the  ränge  at  which  the 
fuse  was  to  operate.  Switching  in  the  last  stage  was  by  means  of  a 
dyn&tion  Circuit  last  filter  had  a  rising  frequency  characteristic  s£ 
up  to  the  cut  off  point  so  that  within  the  pass  band  the  sensitivity 
of  the  device  -was  approximately  constant.Its  max.  ränge  was  50-60  m. 

The  100  kc/s  mod  provides  sefurity  against  vww 

jfetixiixBn  jamt  Mgg  Hamming, 
kakadou  —  made  by  Donag.  «len 

This  device  was  similar  to  Marabon  in  that  it  used  separate  TX  and 
RX#  but  it  had  no  frequency  modulation  and  worked  by  means  of  the  Doppler 
effect.  The  TX  frequency  was  30ü  M/Cs .  This  device  also  had  the  100  kc/s 
modulation  for  security. 

Kugel  blity .  Made  by  Pat ent-Werkungs  Gessellshaft-Salzsburg 

This  was  a  iisqple  System  consisting  of  a  TX/RX  working  into  a  simgle 
erial.  Its  method  of  Operation  can  be  envisaged  either  from  the  Doppler 
effect  or  from  impedance  changas.  Its  sensitivity  was  such  that  imped- 
ence  changes  caused  by  rudder  movements  or  by  ribrations  of  the  missile 
skin  could  give  false  Operation  of  the  fuse  and  so  its  use  for  Wasserfall 
was  not  seriouftly  considered. 

?oi  —  made  by  A.k.G.  and  Triditer  made  by  Blau— Prinkl  worked  on  the  same 
principle  as  Kugelblitz. 

Cptical  P-F»s  were 

Aassermans  -  made  at  the  Beseorcfe  .Institute  at  Kochel. 

This  consisted  of  a  light  source  whichwas  used  to  feed  a  System  of 
rotating  lenses.  These  projectod  light  beams  in  a  forward  disection. 
Beflectdd  light  from  a  target  was  received  by  a  photocell  from  a  limited 
forwaftd  field  of  view  and  apmlified  in  a  J-stage  amplifier.  tuned  to  the 
scanning  frequency  of  the  light  beams«  This  provided  a  safegund  against 
interf erence  from  constant  light  backgtounds 
Psplity  -  made  by  31ac  at  Kiel 

This  device  consisted  of  a  lead  sulphide  cell  having  a  forward  looking 
cone  of  view  with  a  central  stop.  Eadiation  from  the  target  was  received 
by  a  cell,  and  itsl  intensity  increased  up  to  the  point  of  the  eclipse  by 
the  stop'  when  it  feil  rapidly.  This  rapid  fall  fff  was  used  todetonate 
the  missile. 

Some  work  on  P.P.'fc  was  also  done  by  Dr ,  Brinkmann  at  the  Reiohpost 
Forschungs  Anstelle.  Hie  devies  oonsisted  of  a  eombination  of  photocelll 
and  infra-red  cell  arranged  so  that  a  deooy  which  would  give  light  as  well 
as  best  radiation  did  not  oparate  the  fuse. 
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aßmsmum,  mu  m.  MLfflgBiS 


Was  ooaoemsd  «Ith  atrodyaamias  amd  the  ocwfcrol  of  "'fassarw 
MH"  «Lims  IMS*  The  aarofyjäwia  data  war*  «upplied  by  the  wlad  tmmel  people* 

Reatlr^anwt«  ftp  »JMMirfhir 

Ai  first  a  f iriag  rang*  of  20  ka  1»  hellst  aad  80  km 
Kotisomtal  distaaee  was  projocted*  Reqtdremeats  wäre  reduced  to  15  aa5  fto  km 
w  ;  .  M  Maxi  warn  target  plaae  vslocity  of  250  ci^cso  was  asmued*  Aoeel- 

«stieg  of  targefc  was  asauaod  2  gj  Mairt«ai  aooeletwtloa  takss  lato  acdouat  «m 
10  g  (Iastrlelfhches  10)»  Final  «Kaps  of  Wasserfhll  was  hoivvor  mw  sst^h** 
liafeed* 


*$as8srfall"  was  the  first  sdssils  of  its  klad* 

Hw  asrodyMBdo  fot»  of  this  adssils  was  sheped  frm  sr 
peHaaeee  gaiaed  oa  the  A4* 

Gsioalsr  aaalymad  th£  asrodymnio  ro<^drm»tB  sad  the 
•trsss  agalysis*  thea  oharwrtsriaticÄ  of  «ha  n>U«w9  ete.  Sleotrleal  aad 
hydrwilts  ooatrols  aatiwated  tgr  featteriaa  wäre  ueed,  but  Wasserfall  oostrols 
wsmt  tmm  fiaished* 


1*  tssts  tha  mis alles  war»  fissä  fe*d  dlrected  with  ndlo 
owinls  för  the  parpose  of  testlng : 

1«  the  nemfriwlm  etability  of  flirtet  aad  tim  coatrolability 
of  the  paih* 

2«  to  tost  the  pörfonaanc«  of  the  Jet  wdtor*  du*4ag  tim  flifht. 
ft»,  to  tost  ths  rudders  mm  coatrol  sarfaoas* 

A  great  «iwher  of  dtffioultles  wäre  eacoumtered  whleh  at 

the  war*®  e*d  had  sot  yat  baam  elimiaatsä* 

Umdmm  veloeity  reaahed  mm  000  Vaeo*  (Frojected  700 
W999  and  the  flieht  throu^h  the  transoaio  regio»  waa  pretty  *'«11  nastered)* 

Also  testad  durlag  the  fllrht  mm  tha  gyroa,  tha  snnmiiii 
tifce  i«stallatioag  Jet  r^oior  faed  aystea»  ato* 


tha  iaftra-red  homlar  daaioa  with  a  soff ioiaatly  1mm 
tUüA  of  wiew  (aawed  degrees  oould  sot  home  st  mors  the*  8  Im  dlstaaoe). 

7ha  first  ms is  atthod  was  to  diraot  tha  mLs»iles  «leetrioaUy 
f*o«  tha  flPeuad.  Äiafcile  was  ralaaaad  wtioally  sad  thxougi  teleseopie  dba- 
affstJwi  slsetrlsalSy  dirastad  stmlghi  tewards  tha  missila»  This  nhninpi  of 
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älrnotioa  «ms  «ocaap&ishfta  in  a  vor/  definit«  prertouaiy  theoratioally 
äeserdbed  mm*rw  ü»  rel«'**«  fram  the  rlcetrie  steering  and  thc,  traasltion 
t®  tk*  optieel  ImdnB  was  in  tha  davalopittn*  at*go»  (Theoretisch»'  und  TWjorwsaigt 
SagalteefcailO» 


AU  Control  prdbleras  nare  firat  testaä  on  lahorntory  nodal«» 
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IhTSitküGATICR  Ob'  DIPL.  I^G.  GSIJöLSrf: 


13  June  194-b* 
omith  &  «Vilkinson 
Garmisch. 

Geissler  ,  -as  int  >rrogat#a  for  the  uurpos  ?  o  1  comploting  the 
Information  in  regard  to  the  tie-Ap  equip.ent  between  tiie  homing 
ti'ead  of  the  automatic  t  arg et-se  eking  device  and  t;..e  control  surf aces  . 
üis  work  in  this  resp  ict  has  been  chiofly  theorotical #  The  fundeiiontal 
problem  consists  of  utiliying  the  error  information  from  the  output 
of  the  homing  device  and,  in  the  s implest  approach,  Converting  this 
iniormation  to  the  form  a£  +  W&.  •  ^ctually,  for  tiu  prob  lern  in 
thrj'i  dimensions,  the  error  will  afeeur  in  the  form  01  two  componets, 

£  1  and  &2,  which  must  be  operated  on  separat ely  and  transferred  to 
the  proper  control  surfaces.  In  an  actual  projectile  the”own  strbility* 
of  the  pro^ectile  must  be  combined  with  this  Information  in  Order 
fchat  theprooectile  will  be  able  to  flly  a  stable  course.  Rlgure  1 
indicatas  the  schematic  arrangement  of  the  combination  of  the  two 
essential  factorsi  epsilon,  the -error  iniormation,  and  phi,  the  stabj^ 
Information .  As  shown  in  the  diagram,  the  Outputs  of  the  two 
similar  Computing  devices  R^  and  R  are  additively  combined 
and  transferred  to  the  input  of  an  amplifier  which  operates  the 
control  surfaces. 

The  error  Information  obtained  from  the  horiing  head  consists  of 
two  components  which  may  appear  in  th^  form  of  polar  or  Cartesian 
Coordinates.  If  the  information  is  in  tiie  form  of  Cartesian  coordina^e 

it  is  applied  direstly  to  the  Computer.  If  in  the  form  of  polar 
Coordinates  it  must  be  converted  by  sone  device  to  Cartesian  Co¬ 
ordinates*  Also  the  angular  information  of  the  relative  position  of 
the  projectile  frame  to  the  gyros  must  be  obtained  in  the  .form  of 
Cartesian  Coordinates  phLj  and  phi^.  These  two  sets  of  information, 
which  appear  as  DC  voltages  of  variable  amplitude  and  either  polarity, 
are  fed  to  the  computingdevice.  Sach  component,  £>j»^»phi^  ph^,  is 
treated  independently  in  the  computor  and  by  circuits  similar  to 
figure  2  is  converted  to  the  corresponding  form? 

¥>/  7*  A1phi1+B1phi1 

y’fl  re  A2phi2+B2phi2 

£/  Te  +b,£' 

ft 

£*  To 
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These  components  were  to  be  added  electrically- as  .per  figure  1  to 
yield  the  followings  ^  * 

A  if/  +  s,  <f,  +  «v  ^  K  €, 

The  electrical  sum  of  each  set  of  components  is  fed  into  an  amplifier 
bhe  output  of  which  op erat es  the  corresponding  control  surface.  It 
nust  be  stated  here  that  this  particular  arrangemeht  aas  never  assembled 
wherein  both  homing  System  and  "own  stability"were  conjunctively  used, 
ä~4  used  the  "own  stability",  or  phi  portion,  aloneP  Both  magnetic 
amplifier  and  vacuum  tube  amplifier  were  considered,  but  no  definite 
decision  was  made.  It  was  hoped  that  a  megnetic  amplifier  would  be 
possible. 

More  detail ed  Information  of  tiie  two-gyro  System  of  Krücke  B 
described  in  the  previous  report  of  Br.  Weiss  (  11  June  45) (and  X2) 
was  ootained  and  is  as  follows:  Figure  3  shows  diagrammatically 
the  stabilized  platform  in  the  missile  whose  perpendicular  is  always 
directed  tov/ard  the  target,  and  the  arrangement  of  the  two  gyros*  Ä 
Similar  arrangement  is  provided  on  the  ground,  where  the  platform  follot 
exactly  the  postion  of  the  target-tracking  radar*  When  theplatform 
is  moved,  gyro  pick-offs  Pyy  and  Pxx  measure  the  angle  through  which 
the  platform  has  been  moved*  This  Information  is  transfeoDBt  mitted  by 
radio  and  applied  to  motors  My  and  Mx#  For  the  sake  of  simplicity  the 
action  of  gyro  Gy  only  will  be  considered*  The  action  of  Gx  is  similar* 
Motor  My  exerts  a  torque  on  the  gyro  axis  yy-yy#  This  causes  the  gyro 
Gy  toprecess  about  the  axis  yx-yx*  Pick-off  Pyx  in  turn  drives  the 
motor  My  to  tum  the  platform  relative  to  the  missile  to  a  new  position 
compatible  with  the  Information  received  by  the  radio  link*  Actually 
the  gyro  does  not  appreciably  change  the  position  of  its  spin  axis  in 
space#  The  perpendicular  to  the  platform,  which  is  identiaal  with  the 
axis  of  the  homing  head,  does,  move  tothe  new  position, directed  toward 
the  target,  as  called  for  by  the  Information  transmitted  from  the 
ground*  When  the  missile  has  come  within  ränge  of  the  target  so  that 
the  homing  device  can  tske  over,  the  axis  of  the  homing  head  will  thus 
point  very  nearly  in  the  direction  of  the  target,  and  the  radio 
Information  to  motors  My  and  Mx  ceases.  Verysoon  thereafter  the  target 
will  not  be  exactly  in  the  c  ent  er  of  the  homing  device,  and,  error 
voltages  will  exist  which  are  fed  to  the 'motors  My  and  Mg 
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Thus  the  platform  is  driven  to  a  new  position  with  respect  to 

missile  £rame  and  pick-offs  P_  and.  P  may  be  used  to  steer  the 

y  x 

missile  through  the  Computer,  It  will  be  noted  that  in  this  System 
the  axis  of  the  homingjhe  ad  was  notjrigidly  fixed  in  space,  However, 
the  same  type  of  constant  bearing  course  results  as  in  the  previos 
System  described  in  the  report  of  Dr,  Weääs,  In  this  case  the  gyros 
maintain  the  fixed  reference  in  space  and,  after  the  correction  has 
been  made  by  the  change  in  f  light  path  of  the  missile,  the -axis  of 
the  homing^Lead  again  returns  to  the  same  direction  with  reference 
to  the  g^ro  orientation. 
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INT5RBPGATI0N  Off  DR»  Brnest  Geissler  -  25  May  1945. 


By  F/Lt.  Stokes ,Dr.  Porter  at  Partenkirchen 


Dr.  Geissler  was  asked  certain  specific  questions  about  th^ 
control  System  of  Wasserfall  and  gave  the  following  information* 

1.  The  gyro  arrangement  shown  in  the  report  on  Dr*  Elfers  is 
probably  incorrect.  Dr.  Geissler  thinks  the  plan  was  to  use  the  x 
arrangement  in  Fig  1  of  this  report*  (  A  more  logical  arrangement 
in  our  opinion) . 

2.  Our  idea  that  the  direction  of  flight  of  the  missile  is  con— 
trolled  by  rotating  the  stators  of  the  gyroscope  by  pick-off  pot  ent- 
iometers  T/as  confirmed.  This  rotation  is  accomplished  by  means  of 

a  small  notor  which  runs  at  a  sp^ÄSdll.  proportional  to  the  magnitude 
of  the  control  Signal.  Stabilization  of  the  local  System  consisting 
of  gyroscopes,  amplifiers,  rudder  servomechanism  and  rudder,  together 
withthe  feed-back  through  the  movement  of  the  missile  iscalled  an 
'*  EigendampfungM>  and  is  accomplished  by  known  methods  of  feed  back 
and  anticipation.  Intellegune  is  f  ed  in  to  this  System  ..in  the  manner 
described  above,whether  it  be  from  ground  control  or  from  a  hoüing 
device.  Stability  of  the  over-all  System  must  be  studied  in;  ©ach  case 
and  appropriate  measures  taken,i.e.  the  rate  term  in  the  control 
Signal  mentioned  by  Dr.  David* 

3-  A  new  system  using  rate  gyroscopes  was  being  studied  theoretical- 
ly  for  use  in  Wasserfall.  Twotypes  of  amplifiers  consiered,  name^ly 
a  magnetic  ampfifier,  and  a  relay  ampliffer.  The  magnetic  d©vioe  was 
considered  most  likely  to  be  used,  but'  it  had  certain  disadvantagesu 
not  the  least  oi'wnicn  was  tne  ract  it  mignt  not  be  avaii'able 
the  manufacturer.  The  relay  system  was  considered  in  somo  ways  limited 
by  the  availability  of  gyroscopes  with  pick-off  deviceß  having 
suff iciently  strong  current  aapacity. 

4.  For  homing  control  a  system  was  planned  whioh  is  kneten  aa 
the  parallel-line  or  constant-bearing  system.  It  makes  use  of  a  flex- 
ibly  mounted  infra-red  (  or  radar)  homing  device  called  a  w£iel- 
suchkopf",  ’^hich  can  be  made  topoint  in  a  constant  direction  with. 
respect  to  fixed  co-ordinates  by  means  of  three  gyroscopes  and  app-  • 
ropriate  servo  mechanisms.  The  Operation  of  such  a  systemis  illustratec 
by  t?ig  2.  The  first  and  mostdiff icult  problem  is  tp  bring  the  rather 
narrow  f ield  of  the  homing  device  to  bear  on  the  target*  This  can 
be  accomplished  in  either  of  two  waysr  (a)  by  transmitting  the  angular 
Position  of  the  line  of  sight(x)  to  the  rocket  bv  radi©  and  measuring 
it  off,by  means  of  the  servo  motors,  with  respect  to  a  fixed  coordijhate 
system  maintained  by  gyroscopes,  or  (  b)  by  using  a  radio  set  on  the 
rocket  to  D/F  on  the  transmitter  of  the  Mannheim,  thereby  establishing 
the  correct  direction  with  respect  to  the  rocket. 

Once  the  target  is  in  its  field  the  direction  of  the  homing 
device  is  held  constant  with  respect  to  fixed  axes,  and  the  output 
or  error  Signal  is  applied  to  the  steering  control  of  the  missile. 
äs  a  result  the  missile  i3  brought  into  a  collision  course,  the 
ingularity  of  which  depends  on  che  speed  of  the. missile.  and  the 
speed  of-  the  t.  rget.  If  the  speed  of  the  target  and  of  the  miselle 
ar®  both  constant,  and  the  target  flies  a  straight  path,  then  the 
path  of  the  missile/zill  also  be  straight,  otherwlse  it  willbe  ourvtd 
but  collision  will  still  occur.  JR#W#Porter 


Oarmi 8  ch-Par tenk ir chen,  May  21,  1945 


Interview  with  Mr.  Heinz  Oelsa.  Dipl. Ing, 


Interrogator  :  Dr  P.  Zwlcky  CIOS  183. 


Builfcfc  the  coabustion  chamber  and  the  injectlon  System 
for  the  Wasserfall  propuls Ive  unlt  of  8  tons  thrust.  For 
the  inner  caaing  St  52  R  (Reichsbahn  material)  was  used  while 
the  outer  casing  St  •  12  (Ordinery  steel  sheet). 

Production  5  Pressing  of  two  longitudinal  half  sections  and 
then  weled.  Exhaust  nozzle  and  chamber  are  one  unlt.  Flex- 
ure  jolnts  near  the  nozzle.  Flexure  joint  was  connected  with 
a  reinforcement  ring. 

Düring  the  runs  It  was  possible  to  stand  within  about  20 
meters  wlth  the  8  tons  Jet  motor. 
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Hellebrand,  Emil 


Hellebrand  was  born  August .1944  and  «ras  edueated  at 
Hlgn  School  and  tbe  Technical  High  School  in  Darnstedt*  Ba 
is  a  Diploms  Engineer  and  was  a  soldler  trom  1999  to  Januar? 
1940  when  he  was  discharged* 

Hellebrand  worked  at  Peenemünde  on  calculation  ef  Vaa* 
Sfr fall  Stresses  fron  1940  onward* 


Tbruat  8  ton*  Stabilising  flns  about  acne  also  es  tbe 
«ringe*  Aaid  tank  -  mah genese  ataal*  Graphite  blades  in  Jet* 

Interviewe*  81  ba ?  IMS 
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Bail  Hellebrand»  Engineer»  18  uajr.1945 

I  eas  born  on  August  1,  1914  ln  Vienna*  The  son  of  Dr*  Phil 
Seil  Hellehrand,  the  ohief  profesoor  of  the  High  sojxool  for  so;tl-oui- 
ttxre»  After  fotar  years  of  grade  eohool  and  elght  yeara  of  high  aohool 
trem  1932  te  1934  I  attended  the  TeohniQ&l  High  school  in  Vienna. 

Xa  1934r  1/ attended  the  Teohnioal  High  School  in  Baruistadh.  In  I9i>8 
I  t#ok  tbe  final  examination  as  o  onstruo  t  ion  Engineer* 

special  worfc  was  engineering  de  sign.  Immediately  after  my 
seheeling»  I  beoame  scientific  assistant  to  Prof.  Prv  Eng*  Emil  rasiger 
^Sn  Bämstatd  for  etatles  of  bui löLing  oonstruction  and  later  assistant 
to  Brief  1 h?»  Knrt  KXcepple  for  etatlos  and  ateel  building» 

I  had  two  raonths  of  Ailitary  training  in  1957,  twp  months.  in 
1936  and  thres  wsek  in  1959«  I  later  went  into  bhe  artay  as  gating 
Cerperai»  and  lmtll*  January  1940  I  was  a  Soldier. 

On  January  ‘30  #  1940  after  1  was  diaoharged  from  the.army,  T 
/werhed  at  the  Army  Ordnanoe  Test  Ing  Institute  at  Peenemunde  as  a 
eo-^  fRsrlrsSr  in  the  Pro  jeotor  Pepartment  ander  Engineer  Roth* 

X  also  vorfeed  on  the  Problems  of  airplane  statfos  and  design, 
perfermamje  o&Xoulationi'  and  air  tqeohanios  in  the  preliminary  etages. 
der  the  last  trip  yeaps  I  ms  th#  group  leerer  of  statlos  and  deaigner 
ln  the  prejeet  department« 

In  Marsh  1940*1  got  married*  Uy  wife  and  three  ohildren  are 
11  ving  at  present  in  Steinbrueoken  by  Nordhausen  in  Hars« 

Signed:  Emil  Heliebrand  . 
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Dr«  Ing.  Friedrich  Wilhelm  Bomseheuar*  May  17,  1940 

X  vts  boro  on  May  2,  1917»  aa  tb©  second  child  ©f  alx«  W? 
father  Ja  Pastor  Wilhelm  Boxns$hauer«  My  »otber,  Samt  Charlotte, 
meiden  name,  Bar zier,  Güttersbach,  Odenwald«  I  am  a  Protestant* 
After  3  years  of  public  school  I  went  to  gr&mma j*  school  at 
Schotten,  Oberhassen«  1  rocalved  further  oduc&tlon  st  the 
Olassioal  Oraromar  School  ln  Mains,  until  Spring  1935*  After 
0  montha  labour  Service,  1  atudled  bulldlng  englnaerlng»  Fron 
«Inter  10:55/30  tili  Summer  1939,  at  the  Technical  High  School 
ln  barmst ad t*  Stoed  my  pre-sxam  *  ln  the  Fall  1937,  and  the  nein 
exaa«  ln  the  Pall  of  1939  and  paased  both  wlth  "wery  good*«  Fron 
Octobar  16,  1939  untll  I  vas  drafted  into  the  Ansy  (September  1940), 
1  was  first  ssalsttAl  to  the  profas  sorlal  chm  Ir  for  Statist,  Steel 
Brldgas  and  othsr  Steel  Coa* tructlons  above  ground  at  tha  Sngimee*"» 
Ing  Laboratories,  High  School  ,at  Daras  taf  »  On  January  1,  1940, 

X  «e«  promoted  to  tho  Position  of  dl  re  c  tor*onglnoor  at  the  Sngl* 
nooring  Laboratories  of  Br*  Ing.  Klöppel*  At  thla  tlao  X  waa 

9 

■alnly  coassraed  to  accompitsh  atatlo*toata  on  tho  largor  parte 
of  etool  and  alreraft  oonatruetion«  ln  eonneotlen  wlth  thla,  X 
perfermod  thoorotioal  and  experimental  work  ln  tho  nsdlmesti  of 
atool  oonatruetion*  Düring  aeveral  furlougha  fron  the  Aray,  X 
had  an  sppsrtvnlty  to  carry  out  further  work  under  tho  direct  Ion 
of  Prof*  Klöppel,  mainly  theorotlcal  troetiaoa  on  the  higher 
elaatie  aeieneea*  Xn  agr  treatiae  of  the  31  Maroh  1944,  whiöh  X 
anbei ttad  fer  ny  degree  ef  Doctor  of  Snglneering  and  paaaed  with 
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distlnetlcn,»  I  dealt  wlth  the  prob  len  of  the  awelllng  of  even» 
reinforced  platea  under  a  prdssure  load« 

1»  1S42,  1  was  amt  to  Psenemunda,  aa  legal  reprä¬ 
sentative  of  the  Eleetro  Meohanioal  Works  GMBH»  Karl  a  heg  an, 
vhare  1  bad  been  employed  aa  rtChief  Statlclan"  aince  early  Sum¬ 
mer  1942«  My  nein  duty  was  to  tiraw  up  a  atatic  loadlng  plan 
for  the  apparatua  A~4«  Tfcia  waa  hone  in  close  Cooperation  wlth 
the  air  mecbanlcal  and  aero-dynamical  experta»  bäte  bummer  1943» 
I  took  the  leadership  in  the  newly  formed  atatic-teat-group  whoae 
problae  waa  to  caleulate  a  "atatic  foundatlon"#  for  the  carry  Ing 
condoct  of  the  ent  Ire  "apparatua  parta"  and  the  "pert  loed"  con- 
atruction.  All  inpleeenta  worked  over  by  the  "E»W«n  were  in«* 
apected«  Thla  waa  done  ln  clo&e  Cooperation  with  the  department 
for  material  inapectlon  aa  well  es  with  the  experimental  ahops« 

In  the  pre parat ion  and  evaluatlon  of  the  experlmenta,  I  was  aa- 
aieted  by  Dipl*  Ing«  Schack  IX  and  Dipl#  Ing«  Wlngenalefen. 

Sine#  the  inetallation  of  the  experlment-atatic  department  in 
Karlahagen  became  too  anall  for  the  continually  increeaing  de- 
een de,  the  great  inatallatlon  of  the  "Institute  for  Finnneas  of 
the  Gereon  Experimental  Station  for  Air  frevel”  (BVL)  at  Berlin- 
Adlerebof  waa  renfed  ln  the  Fall  1944  to  conduct  large  acale 
experlmenta»  At  the  end  of  January  1945,  wa  had  14  engineere 
and  niaaeroua  other  profeaalonala  and  craf tarnen  working  on  etatie 
experlmenta«  Vre  alao  uaed  the  Engineering  Laboratories  of  the 
Technical  High  School  at  Darm atadt  aince  eerly  Sunmer  1942  for 
atatic  experlmenta»  Co-worker  of  Prof«  Klöppel  waa'ln  partloular, 
Br»  Ing»  Cornelius • 
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P «centoer  16#  2944#  I  woe  married  to  Vits  Elizabeth  Margaret* 
lhauer,  Irom  Mains«  Student  cf  domestic-acience« 

Mgnedi  bomacheuer« 
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RESTRICTC0 

INTER  ?0G ATI üN  QF  DR.  H  'RN  at  Partenkirohen,  21  May'1945 

By  F/Lt.  tt.M.  Stokes 
Dr.  R.W.  Porter 

Dr.  Horn  is  a  fonner  Student  of  Dp.  Vi-^eg’s  at  the  Darmstads  T.H. 

His  principal  probleiaa  at  Peenemünde  wcre  the  design  of  the  graphite 
rudders  and  the  raanufacturing  Problems  connected  with  the  Kreiselgeräte 
integrating  gyro,  code  name  "Iller-gerät". 

The  biggest  trouble  with  the  graphite  rudders  was  that  of  breakage. 
Ueually  they  broke  at  the  point  of  attach/raont  to  the  metal  base.  The  £j*I 
troubles  were  overcome  by  use  of  a  liberally  rounded  fillet  and  by  proper 
placement  of  the  bolts  which  hold  it  in  place.  The  graphite  blocks  were 
obtained  from  Firma  3 i ewens-Pl ani e r ,  and  was  knovun  as  "Sonde rgvalitat", 

A  similar  but  smailer  graphite  rudder  was  also  used  on  Wasserfall. 
Many  test  were  made  to  determine  the  M$10£Xiti£  optimum  shape.  Finally  it 
was  decided  to  use  an  almost  rectangular  shape,  with  the  forward  end 
swept  back  at  an  angle-  of  15  or  20°,  cörners  rounded. 

Dr*  Born  reviewed  the  terminology  for  the  various  Integration  devices 

"I"  io  general,  refers  to  all  types. 

”1-1”  or  "Iller'*  is  the  gyroscopic  de  vice  designed  and  built  by 

"•iselgeräte. 

"1-2"  or  "Isar**  tr.enns  the  original  de  vice  of  Prof.  Buchhold  with 
j  integrating  cell. 

or  "INN"  deßignatie  the  moTe  complicated  svstom  using  two 
■easuring  devices  and  a  stabilized  platfo.m. 

The  "Iller"  was  finst  and  for  that  reason  used  the  most.  Towardd  the 
end9  however,  Isar  was  beginning  to  be  used  quite  a  lot.  Inn  was  never 
aetually  used  so  far  as  Dr.  Horn  knew,  but  was  planned.  The  "fltabipla" 
was  not  a  stabilized  platform  used  with  "Inn"  as  we  had  supposed,  but  vas 
simply  the  name  for  the  base  on  which  the  various  gyroscopes  were  mounted# 

Dr.  Horn  was  given  responsibility  for  the  Iller  only,  and  läX  didnt 
know  nuch  aboüt  tho  others.  He  siad  hoverver,  that  the  Isar,  for  reasona 
not  enfcirely  understood,  did  not  give  performance  as  good  as  had  been 
expeetedf  and  that  he  believed  the  Iller  was  kimpler  and  better# 

Tue  principal  troubles  with  the  Iller  were  frictional  errors,  bud 
ball  bearings,  non-uniformity  of  parts,  and1 so  on.  However,  errors  of 
were  than  I#  in  measu-cment  wertTqpt  likely  to  occur  in  praciGice,  and  in 
the  laboratory  0.1#  could  be  Obtained. 

He  had  heard  others  me  nt  Ion  "  -<uerintog  ■‘ation"  and  "Ejhubreglung"  proj- 
s,  but  knew  nothing  ab.:ut  thern.  The  A-5  ho  had  se  n  "as  an  object" 
vüt  knew  nothing  more.  The  A  7  (A5  ”ith  winga)  and  tho  a9  (A4  v/ith  «rings 
be  had  never  even  seen). 
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R»W.  Porter 


Dr.  Gerhardt  H«ll«r< 


.  —  P ropf  ! 

"Vlsol"  1«  th«  d«a lgnatlon  (Tarnnan«)  for  Vinyläther 
CgHg-O-Ch  *  CHg 

Viaöl  propell  an  ta  v«r«  nalnly  ohos«n  bacaua«  tb&j  «an  «aally 
be  made  apontaneoualy  lgnltabl«  «Ith  red  fualng  nltrle  aoid# 
(In  th«  V-2,  photoc«lla  v«r«  ua«d  to  trlgger  th«  Initiation 
of  th«  nein  prop«llant  fl©«#)  B«ll«r  «aa  propallant  eher» lat 
and  tharmodynamloia  t  •  in®  th«rmoch«nlcal  p«rformanc«  ©al- 
culatlon«  ««r«  mainly  den«  by  hla  collaborator,  Dr.  Büchner# 
Haller  original ly  mad«  aeat«  of  tba  exaet  porfbmance  ealcti- 

latlona,  taking  into  aceount  th«  nlnor  propellanta,  «ith 

\ 

Prof«  Wagner  ln  Bamatadt#  Th«  wat«r-gaa  «qulllbriun  ln  all 
ealculationa  vaa  aaau aed  to  b«  freien  ln  at  1800°K  durlng 
th«  «xpanalon. 

HgO  «  CO  «  *  C02 

Th«  «quatlona  of  flov  taking  lnto  acoount  th«  runnlng 
equilibriua  of  th«  oombustlon  produeta  vor«  intagreted  graphi- 
cally  but  th«  «hart«  ar«  loat  for  th«  pr«a«nt#  In  th«  V-2, 
th«  follovlng  prop«llant  comb Ina tlon  «aa  adopt«d 
-  <tyt  CgHgOH  *  ssf  Sj,o)  *  muid  o«rg«n 
Propallant  rat  Ion  uaods 
0,8  kg  1  kg 

«hll«  th«  atolehlaaetrl«  ratlo  la 

0*64  kg  to  1  kg 

Th«  th«or«tleal  «xh«uat  ««loeity  (at  15  atu)  la  2275  a/aoo# 
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*•  (*bo  *BX#k tromachanl sch#  Worko  at  Psonoatunde  with  Dorn- 
borgor  in  ohorgo  ©rlglnally  vm  ran  by  tho  army  bat  wo«  ultl- 
notoly  tronafornod  Into  •  prirato  concorn).  Bollor  wes  ln 
cbargo  ot  m  group  ©f  16  ehamiats  and  laboratory  aaalatanta  who 
workod  r  tbo  porformane«  of  noo  pro  pell  an  t  ceisblnatlona* 

About  half  ©f  tbon  vorked  on  tho  dovalopmant  of  "hyporgol* 
(apontanaeualy  ignltoblo)  propallant  comb  Ina  tlona  for  j«t. 
motora  intandad  to  propol  antl  alrcraft  mlaailea. 

9*  Spontanolty  of  lgnltlon  was  testod  with  tha  droplet-cup 
tost  motbod.  Tb 4  gonoral  pul#  was  tbat  \t  tbo  lgnltlon  tlmo 
na a  amallor  than  6  co  10/1000  of  a  socond,  tban  tbo  mixtura 
oould  ignito  aafoly  ln  a  Jot  notor  vlthout  tha  dangor  of  ox- 
ploalona  by  dalayad  lgnltlon  aftor  tha  combuatlon  chambor  got 
partly  flllad  with  onroaetod  propollanto.  Tha  shortoat  lgnltlon 
tlmo  fotmd  for  any  comb Ina t Ion  wme  about  2*6/1000  oecondo.  To 
inanro  «bat  tha  osgrgan  of  tha  alr  dld  not  falslfy  tha  validity 
ol  ibo  toata  gerne  ohocka  woro  ran  in  an  atmoaphoro  of  nltrogon» 
4.  Vitb  nlxod  aold  (Mtf  of  Hg&Og  ln  nitrie  add)  tho  ignitipn 
tlmo  vitb  worlouo  fuols  prorod  to  bo  almoat  indopondont  of 
tomparatnro  ovor  a  vldo  raago« 

Tbo  folloolng  "hypergol"  combinmtiona  vara  run.  Quo  part 
of  paro  nitrie  seid  *  0.26  parta  of  ^Vlaol"  vhleh  theore- 
tleally  abould  giwo  about  uox  *  2100  m/oae. 

Mixed  seid  *  *Viaolw 

in  atoioblonatrio  Proportion«  lboorotleal  uax  *  2000  n/ooc« 


£•  Originally,  tha  "Flakgarata”  wara  run  wlth  a  conblnatlon 
©f  Dlaaal  oll  *  nitrle  acld*  In  ordar  to  gat  rid  of  tha 
nacasslty  of  special  ignitora,  tha  more  aaaily  Ignltabla 
Vlaola  vara  introdueed*  "Viaol"  in  Oermany  vaa  a  naw  produet 
(Hallar  doaa  not  reaeaber  tha  prlca  of  it)*  It  vaa  generally 
founä  thst  complicated  mlxturaa  of  varloua  fuala  vara  vor# 
"hypergol"  tovarda  varloua  oxldlaera  than  al&pla  liquide*  Zn 
partlculer,  thara  alwaya  aaama  to  exlet  a  relativ#  Mixtur# 
rat  io  at  vhloh  tha  ignltabllity  agalnat  nitrio  aeld  tak#a 
place  wlth  a  »lnlmum  retardation  time*  With  a  Mixtur#  of 
eone  enlllne,  tha  vlaola  becoue  apontanaoua ly  Ignltabla  vlth 
nitric  aeld*  Tri# thy lern  ine  which  la  vary  aaally  ignltabla 
with  nitric  acld  alao  makaa  tha  vlaola  readlly  ignltabla  with 
nitric  acld*  For  further  dl  lut  Ion  of  tha  alxtura,  phanola  vara 
uaad  eapeclally  a  cruda  oll  alxture  aallad  Optol* 

6*  For  tha  atandard  taata  of  Jet  no  #ra  for  antl-alrcraft 
nlsallea,  tha  folloving  mixture,  which  la  ealled  "Optolln** 
waa  flnally  deoided  upcr*  •  Thla  conalata  of  Optol  *  anlllne  * 
vlaol  *  banaol  *  aylol,  which  baa  a  danalty  of  about  0«9X  aa 
far  aa  Hallar  rananbara,  with  bolllng  polat  about  9S°C^mA 
fTeeaing  polnt  about  nlnua  fbrty  dagraaa  oantlgrada*  Tha  re- 
quirement  of  low  fraaalng  polnt  aocounta  alao  to  aona  axtant 
for  tha  aholaa  of  tha  abova  oonplloatad  nlxture* 

Optolin  *  nlxed  acld 

ahould  giva  about  2000  w/eeo  exhaust  voloclty*  Tha  odnbuatlaci 
ehanbara  ln  thla  aaaa  wara  alwaya  aoolod  with  tha  aeld  alnaa 
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&he  svallable  flow  of  fuel  would  not  be  encugh  fbr  cool Ing. 
(Seither  Hornberger  nor  Heller  remembe r  any  exact  figurea  for 
best  transfers  ln  eltker  th&  V-2  motora  er  the  motors  of  the 

vsrloua  Kiaallea,) 

*be  combinatlon  of  W20  wlth  Cptolin  was  also  tried. 

For  the  Wasserfall  mlaslle,  the  teats  wer©  made  ln  test 
motors  of  4*2  ton*  thruc t  and  on  the  full  acale  motor  of  8 
tont  thruat. 

Ife  eenaeetion  wltb  arm« tu ren  (fittinga,  feed  lines,  valvea, 
regulator«)  ob  add  real* tan t  steel«,  «cid  reslatant  gaskets, 
O-rlngs,  walwe  eeata,  etc.,  Mr.  Millinger  and  perhap«  Mr.  Palm 
wer«  auggeated  for  queationing. 

*7.  Mixtur«  ratlot  Optolln  *  mixed  acld 

0*25  kg  1  kg 

Th*  comhination  gare  a  bricht  yellow  Jet  very  similar  ln  ap- 
pearance  to  a  b  right  a  odlum  flama.  At  the  beginn  Ing  and  end  of 
tho  run,  thlek  brown  clouda  of  nitrogen  txide  etc.  were  ex- 
bauated. 

Wj#  s  to  leblose  trlc  ratlo  for  the  above  mixture  would  be 
sbout  Optolln  ■*>  mixed  acld 

0*23  kg  1  kg 

Stale*  for  beet  mixture  retloa.  The  mlxturq  ratlo  la  uaually 
ehoaen  wltb  two  polnts  ln  mlnd  •#  These  two  polnta  er  et 
(•)  highe*  t  poaelble  performance 
(b)  Lowe st  poaslble  chmnber  temperature  wlthout  too 
mueb  lese  of  performance  or  too  high  precipltatlon 
of  oarbon. 
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An  Index  to  .the  eholoe  of  the  mlxture  rr.tio  1«  the  eo-ealled 

Sauere toffuberachuaasahl  w 

which  la  used  in  the  perfor«ance  celculationa  of  Otto  motora« 
(Sauer  atoffuberachusseahl  •  Index  of  oxygen  exceas).  Thia  In¬ 
dex  number  ia  equal  to  unlty  at  the  etolohiometrle  ratlo«  If 
the  air  exeeaa  or  the  oxygen  exoeaa  relative  to  the  atolehie- 
metrle  amount  ©f  oxygen  la  aay  2Q&  then  A  *  1*2#  Por  in¬ 
et  an  ce  ln  the  eaae  6f  ethanol  and  liquid  oxygen,  lt  la  moat  ad« 
vantageoua  to  run  with  about  A  *  0*8«  Por  otber  coiibinationa, 
the  optimua  value  of  A  la  eomewhat  different  and  for  comblnationa 
llke  EHgAOg  the  Optimum  A  is  qulte  different  frora  the 
Tkeae  reaulta  follow  from  cona lderationa  on  Jet  perform?n&*i 
vhleh  have  been  »ade  in  a  very  almllar  manner  by  imreetlgatore 
ln  many  countriea »  One  plots  the  expreaaion  fbr  the  exheuat 
velocity 


aa  a  funetlon  of  the  mlxture  ratlon  r  =  neaa  of  fhel/maea  of 
liquid  oxygen  or  otner  oxidleer a*  fh#  graphloal  plota  for  the 
»ean  moleeular  velght  u  of  the  coatoua  tion  producta,  for  the 
ohember  teaperature  ?c  and  the  exheuat  veloolty  uex  are  ea 
follova : 

x  s  ratlo  of  apedflo  heata 

Pe  *  exlt  preaaure  Fl  *  chmnber  preaaure 
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STOCH  IOMETRIC 


- - - - - —4 

yr\ 

8«  IlaMlliBtou»  > 

Heller  confirmad  the  Information  which  wo  got  at  Volkenroda 
that  Sänger  «ca»  tla«  ago  worked  with  amulsion  aw3  coloidal 
aus pana Ion  o f  Alumlnum  in  verlaus  organlc  fuela,  and  apparently 
got  ln  aj  such  as  Sänger  at  that  time  worked  ln  Trauen  ln 

tha  luneburger  Balde*  Haller  tried  sine  öiethyl  es  an  iolt- 
later  for  combua  tlona  •  About  80  to  100  kg  a  month  of  tkls  air 
laflamable  eubstance  wäre  produced  at  tha  "Chemie chaa  Werk 
Schollene  at  Rathenow«  Berlin*  Thls  work  did  not  result  in 
any  practically  accaptad  procedures.  Neither  wes  sorre  initial 
•work  with  Aluainura  triraethyl  continued.  On  the  work  with  tha 
HgOg  (80£)  (produced  hy  10  Farbenlnduatrle)  and  run  with  eon- 
cantratad  (27#)  KaMn04  solution*  Heller  knowa  littla  but  eug- 
gaatad  a  talk  with  tha  man  who  worked  on  tha  "steam"  genaration 
for  tha  turblne  pumpe  of  the  V-2* 

9#  Start  of  tha  V-2» 

Por  tha  atart  of  tha  V-2,  a  ground  Installation  was  ueed 
which,  ran  on  tha  hypergol  raixture  (Hydrogen  peroxlde  *  Hydra- 
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*i m  hyurate)*  The  Jet  from  thia  reactio n  waa  shot  up  thro’j^h 
the  noacle  inte  the  combuation  ohaittber.of  the  V-2#  A  therao- 
element  in  this  charaber  incicated  the  temperet  ure  vsftich  whcn 
it  reached  a  praaerlbad  value,  releaaed  tha  mein  propellant 
flow  of  ethanol  *  liquid  oxygen,  «hi  oh  combination  ignited  oa 
tha  hot  gaaaa  already  present  in  tha  cHmnber*  Of  the  above 
auxilisry  combination,  about  ona  kilogramm  of  propellant  vaa 
shot  into  tha  main  combuation  chamber  mithin  5  seconda* 

Interviewed  16  May  1945 


GJixHAAD  H..ILL 0  -  Dipl.  Chem.  (  second  interview) 
Interviawed  on  21  Lay  19^5  by  GJG  and  HAL 


Graduated  T.H.  Darmstadt,  spring  1940,  no  subsoquent  army  exp.rience, 
at  HaP  11  since  194C,  in  Charge  cf  Chemistry  of  fuels. 

Heller  prefers  nitric  acid  to  liquid  oxygen  as  oxiaant  for  rocket 
fuels ?  thinks  highly  of  tetr  nitro  nethane  (if  available)  on  the 
basis  of  small  sc&le  experinents .  Ile  v.-ould  be  willing  to  use  nitric 
acid  in  a  very  large  rocket  though  tho  soiaawhat  low  specific  impul se 
of  thegje  fuel  combinaticns  is  acmnvh.-t  of  a  deterrent.  The  fuei 
planned  for  A9  was  75%  ethyl  alcchol  ^nd  liquid  oxygen ,  the  choice 
bsing  dictated  £y  past  experionce.  ihe  v:ter  is,  of  course,  added  to 
reduce  the  flasne  temperavure .  Heller  says  he  can  bum  95%  alcohol  in 
small  but  not- in  large  c  harnt  ero .  Porhaps  contrary  to  exp  /ctations, 
the  cccling  Problems  are  mc-re  severe  in  large  thsn  in  small  Chambers. 
Small  (1  ton}  Chambers  do  net  require  spray  cccling;  large  do.  Jhen 
Chambers  get  too  hot,  they  feil  in  a  manner  c  har  aßt  -eristic  of  the 
the  iiietal  used  in  making  them.  Aluminum  begins  to  Heit,  and  large 
ssetiens  of  the  netai  are  torn  out.  Still  chanbers  lcok  as  though 
a  welding  torch  had  be  3n  run  over  them. 

In  Heller^  time,  no  v/ork  was  dene  at  MAP  11  on  g  .soline  and 
liquid  oxygen.  He  fs  ,1s  that  such  werk  had  be-en  done  6  or  7  years 
before,  and  that  alcohol  was  then  Chosen,  though  he  doas  not  now  on 
-.'/hat- basis.  w ork  on  hydrogin  hydrate  at  Hip  11  was  confined  to  its 
uree  with  hydrogen  peroxide  as  a  liquid  igniter. 

In  1940,  a  1  ton  chamber  was  tue  smallest  in  use  a  Peinemünde. 

In  1943,  the  smallest  was  on  of  4.2  tons  thrust.  In  the  future, 

Heller  v/ould  be  v/illing  to  jump  directly  from  Chemical  laboratory 
experiments  to  a  ICC  ton  MXXXK  thrust  unit ,  aluhough  he  would  pref  er 
to  operate  the  large  unit  initially  at  reduced  thrust.  Almost  all 
testing  at  Peenemünde  was  done.v;ith  the  combustion  chamber  vertical, 
exhaust  dov/n,  this  being  preferred  as  it  is  the  launching  positien. 
Bumers  are  apt  tp  behave*  diff-erently  v/ith  thj  combustion  chamber  in 
different  poafcicns.  Chambers  have  been  test  sd  horizontally  and  v/ith 
the  exhaust  upward • 


Cptolin  was  original  ly  coiupcunded  with  availabiltty  in  Girmany  as 
the  overriding  consideration  /  It  bas  the  advantage  of  high  density. 
It  is  by  no  me  ans  unique.  As  a  matter  of  fact,  all  fuel3  that  burn 
well  with  nitric  acid.  give  about  the  same  specific  Impulse.  Cptolin 
contains  aniline  and  visol  (othyl  rinyl  ether)  to  insure  ignition, 
optol,  ben^ol  and  xylol  because  they  are  available.  Cptol  is  a  coal 
tar  distillate  that  contains  the  phanolic  bodies  obyectionublc  in 
ordinary  applicati ons .  Here,  however,  the  phenolic  bodies  serveX 
to  kejp  the  benzol  in  solution,  v/hich  h-elps  to  make  optolin  stable 
at  low  temperatures.  Xylols  serve  the  same  purp ose. 

Heller  did  not  werk  with  nitrous  oxido  or  monofuels.  He  knows 
Lyrol,  but  has  not  studied  it.  Cxygen  arrives  first  in  the  A4  ccmbus- 
tion  chamber.  Fuel  arrives  first  in  the  Gerät  Wasserfall.  Tho^e 
v/ero  no  serious  explosions  in  tho  development  v/ork  on  the  latterö 
the  fuel  bumed  smoothly. 
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DXSCtSSS IOK  dE^WESK  C«I,O.S.  (183)  ARD  PI?IQMA  ENGIK^R  PALM 

£Ei!  kS  IlFlOfeA  CTö  iTtlk '  Mniilit" 


Fuel  for  "Wasserfall*. 

Optolln  asd  r  nlxture  of  (H2S04  and  BN03  for  nitration) 
approximately  in  the  stoichlcmetrical  Proportion 
approxlmate  effect« 


Theoretlcal  rate  of  ©utflow -  2100  m/aec 

Actual  rate  of  out  flow  r- -  1780-1800  m/aec 


Demend  or  dallvery  ayctem  nitro gen  high  pressure  sphere  of 
256  litera  content  loaded  to.  260  atmospheres*  Bear  pressure 
reducer  27  etmospherea  • 

Fuel  — -  Tank  quantity  386  kg 
Acld  —  Tank  quantity  1600  kg 


Oheoretical  Burning  Curation  -  45  seconds 

Actual  Burning  Dura t Ion  — - -  40-42  seconds 


Acld  flowa  through  the  cocler. 

Tempera ture  ränge  ln  the  cooler  approxlmate ly  60°C. 

Maximum  rate  of  flow  ln  the  nerrowest  cross  cut  of  the 
cooler  4m/eec« 

Combustion  chamber  pressure  20  atmospherca.« 

Combustion  chamber  tempert  ture  theoretlcal  2800°K.  1 
Maximum  axel  acceler&ticn  4.5  g. 

Maximum  aide  accelsratlon  12  g« 

Maximum  mirror  deflection  70°. 

•*nk  dlscharrlng  th-'sugh  the  medium  of  a  b* Irnced  ilexlble 
A.j.pe«  Free  fl  .w  ©f  high  pressure,  at  the  sa*-e  tAre  s-a  the 
take~off  of  the  apparatu*  by  meana  of  the  firing  vslve« 

The  presrcre  reducer  wes  not  fully  developed,  the  weste  of 
the  low  pressure  la  ehout  80  atmospheres  high  pressure« 

Theoretlcal  value  of  the  entire  impultea  360  000  kg/sec« 
Actual  value  of  the  entire  Impulses  320  000  kg/rec« 
kntlre  weight  of  the  empty  apparatue  1760  kg«  • 

tfeight  of  the  nl trogen  70  kg« 

(For  comparlson  wlth  the  A-4  nitregen  tank  pressure  ln  the 
gee  cy linder  batterles  there  are  200  etrroapheres  and  the 
nltrogen  low  pressure  ie  sbout  40  atraospherea) • 
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With  the  waterfall,  the  thruat  feil«  off  at  about  SC  seconds  fti*3 
rcaqhsa  a  final  value  of  about  5500  Kg« 

The  svarage  noleoular  wei^tt  of  the  buraing  gas  ln  the  cosfcustion 

ehaaber  ia  Ca  36« 

The  aserags  k  ia  not  eocaotly  known,  beoause  the  outflowing  ©quatlon 
aas  grafhic*lly  Integra ted. 

The  Questiop  of  the  Hypernollty« 

The  viaol  was  ohosen  es  a  basis  for  the  fuol  because  it  can  with 
relative  aase  be  raade  Ijypergolloally«  Under  the  applio-tion  of  disposable 
&egjM  Lo  supplemental  material,  rlaol  ln  itself  is  not  *\yi>örgollic  with  nitrio 
acld. 

girina  Delar  as  a  Function  of  the  Proportion  of  the  Mixture. 

Insertion  condition*  (logistlcs).  These  oonditlons  m  de  the  use  of  fluid  oocygen 
lepoBsible,  with  ' »terfall  and  sirailr  appa  «tua;  demanded  storage  capacbilty 
for  fall  tanked  app&rstus  1  year. 

hlculd  (borgen, 

Vorwerk  Witte  by  liehe» ten  ia  Thüringen,  was  the  aupplier  of  liquid 
ooQrgnu  For  tranaporting,  special  tank  wagons  wäre  used, 

FOwer  »parke  and  Armeturee  for  fiaterf ’ll« 

Coefeustlon  chamber  ia  •  inril^r  in  form  to  the  V-2.  The  cooler  ia 
atmlght  without  spiral  guldanoe  -  2  expansion  Joints.  Volume  of  the  cosfcustion 
ohnmher  75  liters  (IX  *  100  inches)*  Narrow  nossle  cross-cut  192  ob  fi.  Cooler 
force  5-6  na  (Cp  m  1«4)«  Inner  coäbustioa  chamber  ooverin/-  out  of  ST  52«  Out  er 
oo^metlon  chasfcer  covering  out  of  ST  57  (noat  usually  machine  conetrucrtion  tin). 
The  nijr  noasle  (see  the  sketoh)  is  a  drilling  mix-noszle. 


(Sketch  on  following  page) 
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Both  materiale  will  be  aprayed  agalnet  one  another  until  J  la 
uaad  vp,  (fm%  againat  add).  Thio  ayata«  hr>a  tha  taak  of  aasurlng 
tba  perfarmaaoe  of  tha  firing,  whareby  tha  atraami  meet  aaoh  other 
uadaooaqpoaad9  ao  that  tha  benefit  of  .'tha  decoaposltlon  la  Ixoperfaot* 

Inaediately  after  tha  raeeting  a  llvaly  reactlon  la  present,  howarver, 

oaly  oa  the  diract  oontaot  aurfaoe.  With  tha  ramaining  },  tha  drill 

aosala  spraye  fual  pgalnat  fuel  and  aold  againat  aold;  thls  glsea  a 

«ood  deoomposltionj  on  tha  other  hand  tha  lgnition  would  bo  poor  lf 

both  Systeme  wert  not  ocmblxmd  (eompn»laa  flring).  Tha  Proportion  l/4  s  3/4 

baaama  amplrlcall j  asoertalned.  Wlth  tha  vnri*tion  of  thi»  pissportion 
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poor  ignitian  ar  heevy  oscillatione  in  the  buming  prooeas  present 
tfcesselves.  The  noisz les  are  «ade  of  light  metal  (eentrif^gal  Castings). 

Pressure  loss  in  the  cooler  ataospheres.  Inject  loa 
pressure  loss  on  the  fuel  side  2  atmos^heres.  Inject  5  on  pressure  loss 
cm  the  ecld  side  3  atnospheres. 


Punctioning  of  the  ^pparatus  previous  to  ignition,  the 
firing  vslve  ie  actPfated  by  means  cif  electrlcal  ignitlon.  There  is  ao 
reatriction  of  the  ht*h  pressure,  rftar  the  bursting  of  the  diaphrage  oa 
the  gas  side  (a  burstinr  prensure  of  10  atmospheres).  The  nitro  gen  flow* 
«wer  .the  pressure  reducer  and  divider  Into  two  fuel  tanka.  Immediotely 
folloving,  the  «ir  cushloa  in  the  fuel  tanke  is  loaded  with  nitroren. 

Upoa  reaching  10  etnoapherea,  the  diaphragm,  on  the  liquid  side, 
hrne  Ire,  so  that  fuel  and  seid  flow  into  the  ccsfeuation  oha  ober  unhiniäered. 

!he  building  up  of  pressure  in  the  tanks  continues  until  the 
jiredetermlned  tank  pressure  of  25  atmspheres  is  r  ached.  The  time  fron 
the  firing  of  the  firlng  valve,  until  ignitian,  tafces  about  3  eeoonäs. 

The  pressure  rise  in  the  oonbustioa  chanber  follows  (aoeording  to  an  esset 
fonsuli).  It  ln  calculated  th^t  it  takes  nboufc  4  seeonds  after  ignttion 
u  til  the  full  ccnfeustion  chanber  pressure  is  reached« 

Pressure  rätsln-  in  the  fuel  tanka  by  means  of  warminr» 

Upan  fueling  of  the  eppsratus,  the  te  per  tyre  of  the  fuel  is 
about  firC,  comesponding  to  the  ground  tenpereture.  vith  snj  lengthy 
Standing  f  the  »rpnrstus,  a  n-ost  unfavo reble  heating  of  Ö0°C  ia  to  be  \ 
reckoned  with.  Kereby,  *he  ftiel  and  acld  expand  considerably.  The  bursting 
pressure  of  the  diaphragm  amounts  to  10  atmospheres.  For  safety  reasons, 
s  pressure  rise  of  5  atnospheres  is  allovred  in  the  tanke«  Correspoaiingly, 
itaese  valwes  aust  thersfoie  be  released  trith  the  fillinr  of  the  gsuged  air 
eushlon«  These  asount  to: 

In  fhe  fuel  Container  -  18  llters  (tank  volume  433  llters) 

In  the  «cid  Container  -  48  liters  (tnrik  volume  1043  liters). 

CobtosIob. 

Am  the  nltrie  ecid  and  mimü  »ei d  (H*>B04  and  HN05)  ia  mll 
quaatities  vigoroualy  ooriode  unrlloyed  Steel,  various  wmrm  wäre  looksd 
for  to  oorreot  this  deficiency.  On  the  test  Stands,  tanke  were  either 
finlshsd  wlth  alasdnuB  or  covered  vith  sluminua  T2A  Steel  diese. 

Piping  and  armetune  perts  whlch  oaas  in  rontact  wlth  seid»  asm 
isnedlately  finlshsd  out  of  V2A  steel  (hifhly  allo  ed)  vith  the  apparatus 
itself,  it  wes  not  possible  to  use  alloyed  steel,  for  ressons  of  diffioulty 
in  obtalnlng  rav  anterisl«  Durlng  storage,  only  the  acid  tanke  vith  fitted 
piplng  up  to  the  dlaphrags,  were  in  oonstant  oontaot  vith  the  aoid«  Ae  sa 
«f fielest  protection,  an  aoid  resietlng  enemel  was  produoed,  vhloh  was 
planned  for  aase  productlm  8T  37,  froa  vhich  all  the  pipinrs  wer#  finished) 
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veiy  Uttli  Wßs  attacked  by  the  «cid.  It  could  not,  however,  be  used  for 
the  t  ufcs,  oa  acoount  of  ita  3light  firnmeas.  (This  ehould  be  fiaished  in 
uviation  werk  mr  terial  1265  o r  1604).  The  diaphragma,  which  are  alunim» 
are  not  in  the  least  affecied  or  corroded  by  the  ecid.  The  corrosion  in 
the  oonfcuatioa  chamber  during  the  45  secon3  buroing  ti»ae  iß  of  no  inrportance. 
Acid  will  not  flow  through  the  arm^tures»  Otherwlse,  the  cnse  lays  with 
the  test  stand  trial»,  widere  ona  and  the  s ana  apparatus,  or  one  and  the  sane 
eorobustion  chanher  repeatedly  were  buraad»  The  acid  tank  of  the  nppnratus 
held  out  for  six  to  eight  tri&l  runs9  until  it  wns  corroded  through,  in 
dafi&nce  of  the  water  which  was  throvm  over  af ter  the  test  run,  with  a  good 
coanbus tion  chasaber»  up  to  twenty  trial  raus  may  be  reaehed,  with  c  reful 
fluahinf  out» 


A  Sketch  of  the  Apparatua  Wasserfall"  (yaterfall) 


357 


Meaauratloa  of  Thrus*. 

(1)  Measaring  stirrup  (ts  a  V  formed  spring)  raaxirrr.jm  deform^tion 
i.5  nsa  by  8  tona  thrust  accuracy  plus  or  minus  l£.  Osclllation  by 
eosabustlon  process  And  too  hard  ignitlng  repeatedly  d&mriges  the  stlrrup, 

The  experimcnts  wer©  exclueiwely  made  with  wertically  hung  ovens.  Seif 
oscillation  figures  of  the  stirrup  really  hi$ier  than  the  frequence  of  the 
oven  osolllötion,  that  ao  resonanoe  wn  present. 

(2)  With  bal^ncing  scnles,  (tb®  oven  hung  in  a  ra«mner  par&llelogrom). 
The  thrust  course  was  recorded  by  aeaas  of  a  scriber  in  the  snrae  rainner  as 
with  the  stirrup. 

Remark«. 


Mensuring  apnaratus  development  wss  worked  by  Herr  chuler.  Research 
program  "Wasserfall".  The  testing  of  the  whole  power  unita  and  the  fuel  valve 
of  the  oven  and  confoustion  rese  roh  w?s  worked  by  Herr  Pelm. 

The  V-l  was  tested  nt  the  Air  Force  Tasting  Grounds  in  Peenemünde.  The 
plant  saanager  was  Lt.  Col.  Sterns.  The  experimental  Chief  was  Dip|u  Ifcgineer 

.Veyrand. 

Different  Defects. 

(l)  Test  -t  '»nd  Via.?. 


Tue  first  defects  in  this  line  wäre  the  valve  defects,  c^used  by  the 
paoklng  eat.en  up  by  the  seid.  As  packing  material  the  eomnereial  Oppanal 
wns  ua  ad  priraarily,  evailable  in  various  gr  des  of  hsrdness  and  variou» 
thicknesses.  Color  s  Violet. 

Purther  v©lve  defects  wer©  throu^i  seisure  of  valve  slides.  The  valve* 
were  K2  actuated  aervo  valves.  H?  was  set  free  through  Eleotrioal  Magnet 
Valve  (Solenoid)  and  aotuted  the  na  in  valves. 

Purther  defects  jurely  mochanicol. 

(2)  Owen  or  Aouaratus  Side. 

The  oven  repeatedly  bursted  by  the  water  haxraering  at  tim»  of  ignition. 

Buming  through  of  the  oven. 

Mixing  Jet  oovered  with  rosin  oa  the  fuel  side. 

Defects  in  oven  head:  Light  metal  Jet  is  broken  or  sprung  repeatedly 
through  hard  ignitlng,  letting  the  injectian  streaas  oooe  together  too  soom; 
onuse  an  explosion  of  the  oven  head.  Furtherraore,  hard  ignition  causad  Jet 
to  spring  a  leak  ln  its  seat. 

Remrkat 

The  experiments  were  öbserwed  through  small  .  arte  which  were  oovered 
with  uhbreakable  glase. 
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Work  ms  done  toward  the  lmprorenient  of  the  injeotion  System 
with  the  riew  of  raising  the  velocity  factor  from  0.85  to  about  0.92 
in  the  A—4« 

The  length  of  flarae  of  the  Waterfall  ln  free  fllght  12  to  15  V. 

The  color  of  the  gas  is  light  brown  because  of  the  unburaed  aoid  residue, 
»hieb,  gives  off  H20  and  W02.  IXirlng  the  tests,  gas  masks,  for  the  most 
pari  were  not  *rom.  In  *he  cross  section  outlet ,  the  oosbustion  ohamber 
nossle  wae  set  for  a  pressure  of  0.85  atmospheres.  At  the  termination 
of  buraing,  the  apparatus  should  have  reached  a  helght  of  14  KM  an!  speed 
of  800  Vsecond.  Culminaticm  point  at  30-55  KM  heigjit.  Striking  ränge. 
(See  aketch). 


for  the  injectioa  System,  a  twist  nossle  will  not  be  used,  because 
of  expense  involved  in  lost  apparatus.  The  firtng  of  the  apparatus  ensi^es 
ft o«  a  starting  wagon  which  ie  driven  over  a  concrete  plt  at  the  Start.  On 
the  Bossle  end  of  the  apparatus  sits  a  streng  ring  for  the  reoeptlon  of  the 
machinery  Container  for  the  eteering  rudder.  With  these  machinery  contri  ners 
(4  pieoes)  the  apparatus  sits  \xp  on  the  Start  wagon,  where  it  is  made  fast 
with  sorews  which  are  loosened  shortly  before  the  test  etart. 

Operation. 

Mr.  Schüler  responsible. 

The  trial  values  were  transferred  by  ras  ans  of  measuring  Instruments 
with  a  potent ionmeter,  over  an  eleotrioal  conduit  to  the  writing  apparatus. 

At  the  oonbustlon  ohamber  buraing  trials,  the  following  were  measuredi 

Combustlon  oharaber  pressure,  thrust,  fuel  consumption,  and  tank 
pressure.  Oscillations  were  taken  down  on  an  oscillograph. 
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Flyin?  targete  w er»  not  a*  yat  ahalled. 

Project  with  4  toas  tbpuati  (oaly  or  papar) 

Tha  aama  ballistiQ  perfonaoaco,«ad  tha  aajae  useful  load 
äs  Waterfall. 

fnsm flafl.» 

(1)  With  ©  hi^i  pressure  N2  presaat  in  Tatarfall. 

(2)  ptHider  Cartridge  (coraponants  unknoira)  fUraiahed  ly 

a  Homberg  firm.  The  ©artridges  wer*  trled  out;  thay  bum«a  up  too  m%$ 
hawever,  (16  instead  of  45  ©econds }  and  gare  off  too  hi$i  a  tas$er©tura.  Bumad 
off  at  linder  25  atmoapharas. 

(3)  mth  ©  oostoustioa  steoa  Installation.  Visol  with  H2S04  and  HHOS 
wäre  oompletaly  burnsd  ander  a  «ater  tajectlon.  The  eofeustlon  took  plaoa  la 
a  feuralag  Ghanbar  (aee  aketöh).  The  fiaiahad  staa»  was  about  500*0. 


Weipht  CcrapdriHO»? 

HS  s  hare  en^pty  ...  180  Kg 

N2  gphere  full  ...  250  Kg 

Corabustlo*  staam  Installation  filled  ...  80  Kg 

(Pro  jected ) 

Xt  im  not  ©apaaiaUy  knom  if  a  reaotioa  takte  plaoa  buitsaaa  tha  staam 
and  fusl.  Ilowewer,  thl»  oould  not  beoora©  aarioua.  Until  aowr»  about  55  Tatarfall 
apparetus  wäre  mlsfired* 
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Dipl.  asrti&rd  Heller/ 


X.  Hellar  -wh 8  börn  cn  «Tanaary  ?4,  1914  ln  Eeöh»ret?e, 
hß  the  Reform  Realgyrcnas  et  rochwege  ^h^rr  he 

took  hi.-s  <*1^1  owa  an  Maroh  2,  197-3» 

Hi s  Pest  Graduate  Courees  ws»re  -  Chemietry  at  the  Hntverslty 
Göttinnen  and  at  the  Technical  High  School,  Barmstedt. 

He  speoiallr.efl  ln  Physical  Chemistry,  and  p©8*ed  hl* 
«xamln^tlon  for  tltl^  of  ripl.Chem.  ln  the  Spring  of  1940. 
Keller*  8  J.«l  *-ork  from  Vny  3,  1940  untll  tod.ay/ 

was  et  the  ^Xektromechonl sehen  Werke,  Karlsbog^n  G.?V8.  H. 

HIs  dutles  there  wre  ln  the  Fuel  Chemistry  and 
Thennodynemlcs  fleldg. 

<■•  F.eeponslble  Offices  and  flrms  **ith  **hoge  Cooperation 
•*ork  was  done: 

1.  OXH,  Waffenamt,  Berlin,  Kranzer  Str. 

(Or dne.no  e  Bept.) 

2.  OKI ,  Technische  Luftrüstung,  Berlin,  Wilhelm 
Str.  'Technlc-*'  Air  Endlpment  Board). 

3.  Experimental  Station  of  the  Luftwaffe,  K>rla- 
hegen  West. 

4.  I.G.  Farbenindustrie,  Berlin,  ICoch  str.  74 
Pr.  Wagner. 

6.  Chemische  Werke  Schoirern  near  R&thenau 
Plrector:  Br.  Eberbach. 

0.  Schmidding,  Bodenbach,  Br.  Kaspar. 

7»  Relchsmonorol Verwaltung,  Stettin  (Govnrat. 
monopoly  control). 

8.  Technical  Hlgn  School,  Dresden,  Prof.  Beck. 
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Hans  Hüter 


Parten  Kirchen  16  May  1946 


Hans  Herbert  Hüter»  bom  21  March  1906  at  Bern»  Switeer- 

land. 

After  I  completed  the  Technical  High  School  in  Mainz»  I 
went  to  work  aa  apprentico  mechanic  for  3  and  £  yaara  at  the 
Chenlcal  Apparatua  Plant  of  A.  Zierold»  Aaehera leben.  In  Con¬ 
nection  wlth  thla»  I  viaited  the  higher  technical  inatitutea 
in  Mittweid®*  Aftwr  6  terms*  X  paeaed  the  engineer  examinatlon 
with  wgoodB. 

Bue  to  the  depreaalon  and  lack  of  werk  it  waa  imposalbl® 
for  me  to  get  a  post  aa  engineer.  In  September  1927»  Ifcook 
a  Position  aa  an  aasembly  mechanic  for  iron  and  bridge  con- 
atrnctlon  with  the  firm  of  "Gutehoffnungahutte",  Oberhauaen»  - 
Sterkrade.  After  6  montha  of  work»  I  received  the  poaition 
©f  ccnstructor  in  the'  project  department.  I  worked  on  atatl- 
cal  and  eonatructiv®  pro bl  «a*  in  regarda  to  ateel  conatructlon, 
mlnea  and  Iron-salne-worka »  For  financial  reaaona»  I  left  thla 
firm  in  Auguat  1929»  and  took  the  poaition  of  Aaa't  Manager 
in  the  Coke-Experimenta  Brauch  with  chm  *Cok®-Oven-Construction 
Firm"  Dr.  Otto  and  Co»  in  Bochum.  In  thla  branch»  preliminary 
Investigation®  wäre  aade  for  the  conatruction  of  eoke  plant a 
at  hörne  and  abroad;  in  addltlon  to  thli»  large  acale  experl - 
menta  wer®  carrled  out  on  n®wly  conatruoted  ovena  and  planta 
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for  ths  cf  by-prüducta.  After  ©Ix  months  of  thii 

work  &s  experimental  ©nginoer*  I  was  promotod  to  th®  Position 
of  dlroctor  ©f  th©  "night  ahift"  and  was  roaponelbl©  for  the 
oontinuoua  day  and  night  ©xperiments  and  for  th©  Operation  of 
the  normal  ecke  plant  Includlng  by-product  recovery.  In 
August  1930»  du©  to  economic®!  reasons»  the  ©xperimente  wer® 
tenainated,  and  the  personnel  laid  off.  For  aom©  time»  I  was 
unabl©  t©  find  any  woxk.  In  March  1931,  I  was  ahl©  to  g«t  a 
Position  aa  «es*t  maehanic  for  automatic* long  dlatarce  tele- 
phon®  Installation.  At  the  "AFB"  In  Berlin.  In  a  short 
whil®,  I  waa  mechanic  at  th®  long  dis tan ca  phon®  Station» 
Bremen  and  Rostock «  I  was  again  laid  off  in  March  19332«  In 
April  1932,  I  Joined  the  Free-Workers  0rg®ni2ation  "Rocket- 
FMght  Flftld,  Berlin",  whlch  was  under  the  leaderahip  of 
Diplom«  Engineer  Hebel.  Here,  I  worked  mainly  on  conatructive 
Problems  aa  well  aa  problema  of  ti^e  liquid  rocket  and  th® 
teatlng  and  atarting  apparatus  whlch  wer®  d®veloped  by  the 
wor  :  party .  Beeide«  thi & ,  X  evaluated  experlments.  After 
th©  fllght  teste  requested  by  th©  City  of  Magdeburg  with  two 
larger  pocke  ta  for  600  kg  thruat  wer©  concluded  with  littl® 
succesa  in  the  Spring  of  1936,  further  apparatus  could  only 
be  constructed  with  very  emall  means,  aa  the  necessary  aup- 
port  could  not  b©  obtained  and  industrial  backing  was  only 
v®ry  «call.  In  th®  Summer  of  1934,  th©  experimental  work 
had  to  b®  discontlnued.  After  4  wceka  of  work  with  th©  Hen- 
acholl-AIrcraft  Work«  ln  Berlin,  I  received  a  positlon  as 
constructor  with  th©  Schwarz  Propeller  Works  in  Berlin-Waid- 


rcannslunt.  Slnce,  lf  1t  was  st  a.1'  poasible,  I  wanted  to 
atay  with  the  rodest  experi^c-ufc#*  4fter  jm  year  st  Schwarz,  I 
took  tba  Position  of  experirreniisJ  anglneer  with  the  firn, 
Siemens,  nnder  Dlrector  Altvster.  I  worked  in  the  department 
for  Automatic  Fllght  Control*  Direotor  Altvater  already  had 
glven  us  bis  aupport  at  the  Hocket  Field  (Raketenflugplstz)  , 
Am  Tar  ms  posslble*  He  thou^nt  that  soo ner  or  later  Science 
wrould  take  a  greater  Interest  in  the  rocket  prob  lern,  and  for 
this  resse®,  put  Riedel,  Heinisch,  and  myself  (all  former 
member«*  or  th  Falretenflugplats-Berlinf  into  hi«  Automatic 
Fllght  Control  1  Apartment*  Diploms  Engineer  Nebel  also  went 
to  the  Siemens  Works  sfter  the  termination  of  the  rocket  ex- 
p^riments.  but  was  in  another  department*  The  preeent  pro- 
f«wor.  Von  Braun,  had  already  left  the  Rocket  Fllght  Field 
sinse  1952  and  joined  the  Army  Ordnance .  At  the  Siemens 
Works,  Z  worked  as  experimental  Engineer  on  gyroscopic  eourse 
indlcatora  and  gyroscopic  compasses,  for  air planes  and  auto¬ 
matic  a teering  gear,  under  Prof.  Dr.  Fisehel,  (Former  leader 
of  the  experimental  Station  Ernst  Udet).  After  2  yesrs  of 
work,  fTctt  August  1955  untll  July  1957,  esme  Prof*  von  Braun 
and  took  Klaus,  Riedel,  and  myself  to  the  Heimat  Artlllery 
Park,  Peenemünde,  the  place. where  liquid  rocket*  were  belng 
developed  and  the  firat  stages  of  the  conatructional  work 
had  been  oompleted*  With  Riedel  as  lesder  of  the  experi- 
m  ntal  grotp,  we  soon  put  the  test  benches  in  order  and 
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carried  the  experimenta  (atarted  at  the  shootlng  grounda 
Kummer  sdorf)  wlth  "Rocket-ovens"  and  the  ontir©  a±_fiatus 
further  to  perfs ctlon*  Wlth  the  Introduktion  of  tha  V-2, 
as  tha  first  apparatüa  to  b©  used  .for  military  purposcs,  tha 
dutie*  of  the  expetfimental  depertrnsnt  wer©  tncraased  to  cover 
the  developfaent  and  teatlng  of  tfa©  necessary  vehlcle,  caslng, 
and  firing  equipment*  With  the  increase  of  operations,  my 
dutiea  and  responalbilitles  became  langer*  In  tha  beglnning 
of  1939,  i  was  man« ging  the  operational  part  of  the  entire 
teat  fleld*  Early  1943,  I  was  Chief  Engineer*  In  tha  Fall 
©f  1943,  they  gaw$  me  the  Position  of  Leeding  Engineer  of  the 
entire  teating  fielda.  After  the  Heimat  Artillery  Park  was 
fcurned  ower  to  the  Blactro-Mechanical -Works,  O.M.B.H*,  Karls¬ 
hagen,  wfaere  the  warious  departmenta  ccnstructed  grounö  In¬ 
stallation»  for  V-2,  were  conaelidated  Into  one  central 
direct  *ground  Installation”.  At  the  deafch  of  the  director, 
Klaus  Riedel,  the  management  appointed  me  to  his  stfccesscr* 

I  bald  this  Position  until  the  unhappy  end  of  the  war,  which 
terminated  our  work  for  the  time  being. 

SIgned?  Hans  Hüter* 


67040 


Kit-zingea,  21  Arril,  1945. 


^üüRA-vL'ÜÄs  Inttrrog,;tion  cf  Prof.  Tr.  ZR« :?  LüTZR, 

-T.  Hüter  was  tn+'rviewed  by F/Li  r.tckos  e.nd  lir.  R.  w.  Porter. 

mIsc  tx  iäc-«*ittr  o  ‘  ne  Peenajrunde  gmup  ab  ^arras  tadt,  Dr.  Katar  clains  to  be  nn 
expert  both  in  the  **-  tM  of  elactrie**!  reeusuriii.j  devicee,  and  alac  i-»  .la  field  af 
Hi^h  Tu-islcn.  rr-r  Inclpel  jirobleir.s  put,  jo  hiro  by  Poeno.  unce  were 

CI)  2-ü  alocsric  rresr-uirö  raeasuriu^  inatrumaiit  fer  all  serta  cf  purpcäes 

*'c tivt?  o  rci  fer  .Irojrjiscb'J  uss  eov-rol  fer  the  A»4  rock*» t,  and  (3) 
e  ii&gn&tic  nt.pl  ['■')  :r„ 

He  mentionsd  two  uses  for  tht  prsssure  EOasurlng  ii-sLru&ents,  the  first  was  for 
laberatory  -,ad  .-u-p3se3  such  es  ceasui-saent  of  the  oxygen  preesur«  in  the 

A-4  etc.  The  secc-id  .rsquJrei  a  v*ry  sc».;  11  type  cf  iw trussant  for  measurin^  very 
low  pressure  diff-jr3-.-.js  j  in  .7 izid  tunnel  work.  Ke  says  he  bas  butlt  pressure 
ins  truswnt3  frora  1^1110  a.tcosphere  to  70  at-iospheräs,  for  liquid  ar*3  gases. 

Hie  Integrator  >  .  - t  nschluas  öOütrol  *u2  net  daacribed  in  detail  but  in  brlif 

it  conslstod  of  *»  ■'-•■!-*  tle  crsu-itu-^  .=  o  aa  to  Vary  Mia  frequ-rsoy  of  two 

oscillcitory  circ  *i-  j  ir»  o.-y-iMlh*  direc  tloca  ..Den  acceieraticn  ia  applied.  Thi» 
chaii^o  in  fVuou :nsy  ru«<?9  a  meter  to  run  at  a  spsod  proportional  tc  aooeleration 
30  that  velccity  in  by  the  r.uänber  cf  rovolutions  made  by  the  motor.  Thi# 

checkeö  tha  s  x-ry  ^iv.?n  us  by'BuchhoH.  mrm  Katar  staUd  that  hie  Device  iiad  not 
feaea  entirely  auacnssfu»  .-'.nd  hc  1  aot  gom«  *  ;:.o  r.ro  -■  tion.  (a  later  concepfc  based 
op  Dr.  Hüter*?  #r».tv~vi  jj.tarmf,  eo  reifte  cf  two  synchrcnoue  jrotors,  ^r.e  driTen  mt 
the  ‘ fre-iuv»npy  cf  noh  Minnd  cirauit.  Tue  d  i  f  fY*re".oe  in  speod  wr.uM  ^ive  an 

accursTte  ^e»iSor?  o;  tb  roc^Xß ratfon  che  vo loci  l»y  could  be  obtelned  by  wenn* 

of  g.  dif^reufciju.  and  a  counter. 

The  Bagno tic  aiu>lif  L^r  probleia  was  put  to  Dr.  Hauer  by  Dipl.  Ing.  Snheer,  a 
pupil  to  Peennau'i-Vv.  Ke  thinko  it  was  probably  ior  the  a-4  but  not  eure  Just  how. 

D.  I.  Kürschner  ary*  %  I.  Xnodgen  at  Steinbach  bei  Lohr  am  Kain  are  two  en^ineor#  who 
have  a  lew  nachine  'oeis  and  hava  been  aaking  saaplsa  of  the  pressure  «easurin^. 
devicea  airl  the  hoc  '•lerooe  tors. 

Dr.  Hüter  claLaml  all  his  work  on  high  voltago  prob  lens  cane  fron  and 

had  r;o  co^irkacti  n  'nl  rocket  propulnion  or  'dth  foenemunde. 

Ih.i  pi-obiö^*-  \mcL  <>  *  o  ich*  rubs'.if.iticn  of  clh^r  iua terials  for  nica  in 
JLnsulatlng  ttav.eri*’is.  .ir.ee  mi ca  ras  in  very  ihoru  supply.  .He  ex^rimnted  wi>h 
spociaily  trö7.tö»’  pa  >  r  und  ^ith  tri-acfeTA^e  sheets.  bem  of  Ws  work 
was  intei/ied  >o  fix  v«j-b  to  cut  dorn  the  Fpac©  renuireu  for  his-h  voT  tagen  by 
iiKprcved  irsula  tli  -  uv/'-  baffling  tachniques.  Ha  »orkec  with  voltare«  up  to 
1,000,000  wolts  ras  ac  and  2.2  millicn  volta  aurga.  He  later  ecrroetedth.l  s  end 
seid  that  ths  trs^*r:f.j*were  ha  used  for  tl»e  earge  voltages  would  not  aetunlly  give 
that  crich,  but  l«n.^ncad  to.  This  work  »#aa  done  fer  Abt.  Industrie,  A.B.G. 

Berlin,  B.^.40  ft*r  ■*  m*!  who.se  nas»  ho  couldn*t  reraember,  but  <rho  was  a  ferner  pupil« 

One  othvr  dev^ly-*«.  -1  ich  ib*cf.  Hüter  remerabemd  working  on  was  an  Instrument  for 
oesaurin-  the  toran?  •  *  rapidly  rotating  shafts.  The  application  ha  liad  princioly 
in  ."ilnd  *h3  tTiat  of  a’roruft  onginoe. 

R.  V.  RORTDR. 
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interrogated  Qarmiach  22.5.45  by  J.  UULL,  H.  A.  LSIBIIAFSICY,  Q.  J.  COLLIS. 

A-4. 

He  sat  in  a  bailding  and  oalculated  the  reeul  ts  of  electrica».  maasurement® 
during  atatlo  teste.  He  reaaembers  the  iollowing  statistics: 

Thrust  25  tone. 

Comibustion  chanbar  -  pressure  14.7  atu. 

•  *  tenperature  not  maasured  beliaved  to  be  2000°C 

Pump  pressure  —  «am»  on  both  pumpe  25  atu. 

Pressure  drop  in  covering  jaoket  5  atmosphere. 

rise  in  the  oovering  jaoket  fron  10°C  to  4Q°C 

Amount  teaperature  in  rocket  naar  combuatlon  ehamber  10°C 

Pres stcre  in  aleohol  tank  on  stand  0 

■  *2  *  *  "  1*2  »tu. 

Turbine  press,  3^00  rpm  at  full  thrust. 

2000  rpm  after  vorkoinmands . 

Fuel  oonsuption  75  kilo  02/per  seo. 

60  kilo  alcohol/p®**  seo 

135  kilos/seo. 

Starting  load  tat  lightirgup  d-10  kg/sec  of  ©ach  fuel. 

At  first  the  flow  fear  llghting  up  is  by  gravi  ty  and  tank  pressuriaed  head 
but  gradually  the  turbine  speeda  up. 

Thrust  ne&sured  by  balanee  on  A4  all  measuremsnts  oorrect  to  ♦ 

Chart  travels  4  1®  per  seo 

per  travels  la«  14  atu 
width  of  tra m  e  M 


367 


Haaasrfall, 


Xhrast  maasai-aront  by  HSSSBäIuL  accuracy  not  very  good  ♦  1  to  # 

2  to  ^  ar  rrur» 

SchxLtr  cotiM  toll  but  vis  not  ac  good  as  the  b&lanoe« 

V  rlcus  -ypus  af  tarnst  spring  were  trlad. 
iViasnH  kaow  1?  £uil  or  f  «lipse. 

Ci-  x*:ot  ^ivo  cbo  tos«;  xosults  ««'  thsy  variod  so  nnich  as  the  plant  was 
‘siipov  isental» 

Gs  c  tllogr aph3  oaly  used  for  ßsaamsrossönts  taken  in  flieht  e 
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SOBflSR.  HX? 

Interrogated  fi.  A.  LEIBHAFSKI 
ö.  J.  OOLLIlf. 

Worked  ob  Prüfstand  5# 

Worked  ob  turbo-pianps. 

Caso  fron  Walter  of  Kiel« 

(1)  Turbine  tested  at  4000  rpm 
In  f light  3,600  -  3,800  rpm 
Developed  540  h.p*  70  4000  rpm» 

3-5  seoond*  to  get  to  fall  speed* 

The  aleohol  -  Ob  valves  are  open  before  the  turbine  Starts. 

Gas  llne  to  turbine  lapped  to  keep  steam  warm  and  to  prevent  fire  fron  «1 
leaks* 

Small  Schluss  at  end  of  shaft  (caa  operated)  cuts  off  I  Stoff  in  case  of 
overspeed* 

(2)  T  -  Z  Stetem»  (T  Stoff  130  litres 

Z  Stoff  10  litres) 

Z  Stoff  must  arriTO  first  (otherwise  ©xploeion)  it  then  operated  diaphram  valve 

and  opened  both  roain  and  solenoid  T  valves. 

Hass  flow  2.5  kg/eee  T  Stoff  _  ,, 

Z  Stoff  '  j* 

Steam  temperature  400  -  420°G 

Z  Stoff  kept  hot  by  blowing  hot  air  on  outside  of  tank* 

With  ataos.  temp.  of  -  20°C  oould  stand  two  houre  (dropped  30°C  to  *  5°0) 
Reduoing  valve  heated  to  avoid  ehange  in  calibration  as  very  sensative  to  temp* 

ehangee. 

At  lorkommando  Main  T  Stoff  valve  ahnte  and  turbine  ohanges  to  8  or  10  ton 
stage.  Fuel  flow  out  to  1  third  of  normal* 


22*  5«  45 
Gar misch* 
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INTKRROGATIüK  OF  DR»  GUNTfiAiV:  HAFT«  at  Partenkirchen 

on  21  iv.ay  194-5  by 
F/ht  H.M  •Stokes  and 
Dr.  R.W •  Porter 

Dr*  Haft,  worked  cn  the  tbree  computing  eleinents  for  the  vVassorfall, 
namely  the  "Einlinkrechuer”,  ”P aral  1  axr e chne r ' *  and  "T-rechner".  He  carne 
to  reenemunde  in  August  1944,  and  worked  for  Dr.  Netger,  under  v/hon  ne  was 
responsible  for  all"Bodenge^nt,,•  Previously  he  worked  on  proximiby  fuses 
fo  a  small  fi  m  known  as  Kramolin  in  Berlin,  He  had  a  solution,  he  says 
but  others  were  better  and  his  ork  the  re  was  tcrminated. 

The  f-Recliner  is  ude  for  the  purpose  of  rssolving  the  control  Signal 
in  such  a  i&QpgKäZ  way  that  they  acto  on  the  proper  pairs  of  rudders.  The 
rocket  itoelf  is  s^abilized  £  in  roll,  but  depending  on  the  problom  it  may 
have  any  pcsition  with  recpect  fco  fixed  coordinate  System  at  the  launching 
point#  dince  Controls  °up— down"  and  "right— leiJt"  are  given  with  -espect 
to  this  corrdinate  sys  em,  the  T-recllner  is  needed  to  debermine  what  Sig¬ 
nal  shall  be  sent  to  each  pair  of  rudders. 

The  Computers  were  experimental  types  only  and  were  in  separate  boxes 
having  eleetrical  Inputs  and  Outputs#  All  fi  rings  wer-:-  made  at  the 
Flaksteile  in  the  neighborhood  of  Bengin.  No  computing  equi-ments  of 
ij  kind  were  used  for  the  test  firings#  The  rockets  carried  radio  remcte 
control  of  the  Kafehl-Strasburg  type,  and  generally  the  crew  was  hap.-y  if 
the  rocket  could  simply  be  made  to  respond  to  the  control,  The  computing 
equipmcnt  was  being  beach-tested  in  B&bruary;  some  of  tho  components 
were  in  the  laboratories  of  h.W.  at  Neue  Bleicherode,  the  home  of  the 
F 1 akversuchst eile# 

Fery  litt je  work  was  actualiy  done  on  the  ground  equipmont  by  the  X 
E.#*j  their  was  chiefly  to  coordinate  the  manuf acturers,  such  an 

Telefunke.:,  Areiselgoräate,  etc,  .d  to  test  che  Systems. 

Dr.  Haft  seemed  not  to  «new  *out  the  detailed  functioning  of  the 
Computers.  He  referred  us  to  Dt  Jeisler  and  Dr.  Elfers. 
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MEMORANDUM!  Interrogation  of  HEUflJT  KEIL,  21  April  1945. 

Source. ••  Ibis  mm  m  a  Courier  aoting  chlefly  as  lialson  between  BHF  Berlin  (by 
whon  ha  waa  enploywd)  and  Prof.  Ludwig  Weach  of  Heidelberg.  He  had  had  aorae 
tefhnical  tralnlag  kt  apparantly  had  no  degree.  He  had  apparentjy  prepared  for  tha 
Allied  occupation  by  aettlng  aaide  copiea  of  documenta,  aamplea  o' '  tubes,  etc. 
encountered  ln  hie  work.  These  ha  hid.  In  the  period  between  9  April  and  14  April 
he  tumed  over  tha  doauaente  in  sereral  lcts  to  the  AMG  in  Buchen  wtdch  was  near 
hla  hone  in  Kettingen.  The  first  aet  of  docunenta  tehich  he  tumed  vere  given,  AMG 
aay*,  to  Maj .  Hk.  Sounders  G-5,  21  Corpa.  Alt ho  there  was  no  Charge  against  hin,  the 
inportance  of  hla  docunenta  and  Information  waa  recognizad  ao  he  waa  tken  in  cusiody 
about  14  April  and  trought  to  Heidelbarg  by  Lt.  Ryan,  AMG.  Fron  Heidelberg  he 
proeeeded  to  Kitsingen  where  MFIU5  of  the  ßeventh  Army  interrogated  hin.  Hla 
docunenta  wer#  given  by  Ryan  to  Maj .  Draper  ln  Heidelberg. 

Routine  intexrogatlon  by  the  Seventh  Aray  waa  carried  out  and  will  be  covered  by 
thelr  reports.  Advmnee  ninsographed  copiea  of  sone  aketchea  the  subjeot  made  are 
attaohed.  Teohnlaal  interrogation  of  the  subjeot  waa  nade  by  Dr.  R,  *.  Porter  and 
the  writer. 

Subjeot  apparantly  feared  and  dialiked  Weach,  and  erery  effort  waa  nade  to  keep 
Wasch  unaware  of  tha  faet  that  the  subject  waa  under  detentlon  and  was  talking. 
Another  raaaon  for  tha  subjact's  willingneas  to  talk  was  the  hope  of  special  fasere 
for  hlo  fanily.  At  hla  raquaat  AMG  laauad  a  paaa  fer  hia  nother  pemittlng  her  to 
go  out  after  eurfet  for  a  nidwtfe  for  hia  prägnant  wife. 

Anti  Radar  Coatings  Prinarily  for  Schnörkel.  Code  nane  waa  Schöna tainfergar. 
Material  aonslatad  of  five  layera  per  acaonpanying  sketoh«  Proportions  of  naterials 
ln  diffaraat  layers  differed  slightly  but  avsrages  wer©  statad  by  subject  ta  be 
(lanpblaak)  >»lOJt|  Heenpulver  (powderad  iron)  40-55*.  Tha  grain  aisaa  of  tha 
pewderad  Iren  subject  aaya  are  different  in  the  different  layere.  The  conee  had 
flattened  eldae  and  aharp  adgea  but  an  alnoat  circular  baaa. 

Layera  wäre  attaabad  ln  tot,  The  last  layer  with  the  oonea  attached  waa  fomed 
in  a  preas  uelug  SCO  atnoapheree.  Subjeot  aaya  there  are  forna  at  Meaaelbauaan. 

Thare  wara  naagr  senplee  40  to  40  an  at  Messelhausen,  probably  buriad.  Several 
boxoara  of  naterial  (twa  eloaad  and  one  open  car)  left  Heidelberg  for  Maaaelhauaan 
an  26  March.  B*ay  wara  aean  to  be  near  Hellbronn  on  28  March.  They  are  probably 
now  aloag  the  route^elther  via  Osterborken  and  Laude  or  via  Hurenberg  and  Wurtaburg. 

Abeorbtioa  without  tha  aonea  ia  aald  to  be  30*  and  with  the  oones  abeorbtion  1* 

70%,  Material  ia  aald  to  be  good  for  wavelengths  fron  2  to  ISO  on.  Curvea  of 
perfomanoe  wäre  aaong  tha  docunenta  aurrandared  to  AMG.  Subjeot  etated  thet 
1Q~20%  of  abeorbtion  wsus  aauaad  by  rectlfication  in  the  naterial  which  cansed  d-e 
ln  tha  aurrouading  water.  Ha  eould  not  elaborate  on  thia.  Probably  nlalnterpretation 
af  aonathing  ha  heard.  Beaidaa  Waaeh,  othera  working  on  thia  naterial  are 
Or.  3QJXZ,  Dr.  mm.  and  Marron  HAUSER  and  ST8T1SR.  Saaplaa  wera  ntda  by 
Buna  werk  af  Schbepa»  loeatad  betwean  Merseburg  and  Aanendorf. 

Self-Steerlag  IH  solle  SubjecVa  taohnloal  knowledge  was  waak  uid  unreXiable 

on  thia  subject.  So  eouidn’t  give  a  coherent  stör/  on  tha  overall  Operation  but 
sona  of  hla  atateaanta  nay  flll  ln  etorlee  obtaised  alaawhera. 

Tha  nLstL.ll«  waa  daaarlbad  as  25  an  long  with  a  photosenaitive  device  ln  che  nosa. 
Subjact  not  w>  n  er  daalt  with  tha  tail  and  notor  and  shall  but  aay»  that  they 
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wer«  tc  be  bullt  by  Schaeffer  and  Budenning  a  Ma^deberg  firm  which  makes  naval 
torpedces.  The  cocle  naire  for  the  whole  missile  is  Fuhrernotprogram.  The  control 
app&ratus  was  ouite  complicated  involving  four  little  motor3  to  control  the  tall 
surfaces,  and  subject  did  net  know  how  it  worked.  Leits  representativea  were  at 
the  Univer3ity  frequently  so  subject  thought  they  designed  it.' 

The  missile  was  said  to  be  a  seif— s tarting  and  self-steering  device.  They  were 
told  that  the  seacoast  of  France  would  be  blanke ted  with  them  to  attack  any  planes 
from  England  that  came  over.  The  sensative  device  was  said  to  be  able  to  detect  a 
soldering  iron  at  200  Bieters  and  up  to  20  jds&ress  off*  its  axis.  As  subject  had 
only  seen  single  e lernen- 1  sensitive  heads  he  could  not  explain  how  the  thing  steered 
itself  but  drew  fron;  memory  a  Circuit  diagram  (attached).  An  aeewrate  original 
Schema tlc  was  suppoped  to  be  among  the  documents  he  had  surrendered* 

Subject  said  that  lead  sulphide  cells  could  be  used  for  visible  light  detection  but 
were  not  good  for  infra  red.  For  the  latter  the  "phosphor"  type  was  used  ('subject ’s 
Sketch  is  attached).  The  filter  material  supposed  to  exclude  all  visible  light 
was  called  UG6.  a  modulated  light  is  supposed  to  cause  Operation  of  the  device. 

A  perfora ted  whael  is  used  during  testing.  Daylight  does  not  cause  Operation,  in 
fact  a  lamp  used  inside  the  head  when  it  is  used  at  night  in  order  to  give  the 

sams  opera  bing  pcint  ns  during  the  day.  Said  lamp  is  sometimes  an  incandescent 
type,  sometimes  a  nercury  lamp. 

Gthers  beeides  Yesch  working  on  this  subject  were  Pr.  XRUPPKB  and  Fraulein'  KAMM 
of  Heidelberg  and  Messelhausen;  Prof  GUDDEN  of  Dresden;  and  Leuchstoff,  GmbH,  (a 
Telefunken  associate)  in  Steinbach,  Thuringia.  Dr.  KAM  was  in  Charge  of  the  work 
there. 

Small  Generators - Telefunken  or  Bleupunkt  bullt  a  d-c  generator  about  10  x  10  x  10 

cs;  10-15  watt  output.  Output  is  25  volts  d.c  which  is  said  to  be  sufficient  for 
some  of  th©  new  electronic  tubes. 

The  gemrator  is  driven  from  outside  by  a  notor  of  similar  size  which  opera tes  on 
6  volts  d.c*  A  largsr  generator  for  60  watts  which  is  driven  by  a  small  gasollne 
engine  is  also  reported. 

CL&FU  Gerate - Subject  reported  this  to  be  för  radar  transmitting  and  receiving. 

After  our  inquiry  about  the  magnetrons  involved,  the  subject  told  us  of  hiding  some 
tubes  in  hie  house  that  he  was  supposed  to  have  delivered  to  Wasch.  0n  the 
following  day  the  subject  was  taken  back  to  his  home  ln  Hetingen  whers  ho  turned 
over  the  following s 

5  Telefunken  high-frequency  tubes  reportedly  good  for  60  watts  output  fron  500 
eia.  to  10  cm*  and  to  higher  frequencies  at  reduced  ratlngs.  Type  number  ID-9* 

11  Magnetrons  of  the  RD-2  type.  These  are  small  magnetrons  ln  which  the  anodes  ars 
about  $  Inch  long.  There  are  four  anodes,  alternate  ones  being  connected  in 
parallel  to  a  two  wire  open  ended  tuned  line  enclosed  in  the  glass  envelope.  The 
lowest  fr^quency  ones  are  marked  RD2  Mod  and  are  rated  at  about  10-12  an.  The 
Intermediate  ones,  marked  RD2,  are  rated  about  8-10  cm.  One  sample  of  a  much 
higher  fracuency  one  (probebly  near  X  band)  is  marked  LM565.  Several  of  the  tubes 
have  attached  tags  giving  opera ting  point  data. 
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1  iuba  not  proviously  eacountsrec .  It  was  marked  RM4032*  Siibjeet  reportod  it  t* 
be  a  magna tron  ahose  fraqueney  was  variable  from  2  cm  to  18  cm  just  by  moviog  the 
magna tic  oolla.  It  appaars  to  be  a  dloda  wlth  connectlons  at  ach  and  for 
concentrlo  lins  or  cavities* 

Suggested  Disposition  — -  The  aubjact  Claims  to  have  hlddan  some  sample  phosphor 
oells  at  Massaihausen*  2hay  aay  ba  old  types  but  should  be  r&covered  by  taking 
the  subjact  to  this  locatlon.  Subject’s  tachnlcel  knowladge  ±e>  limited  and 
probably  knows  littla  more  than  ha  has  rovealed .  Unless  further  lnterrogatlon  ls 
speoifically  desired,  it  is  suggested  that  be  ba  releasad  to  housa  parole. 


W.  HAUSZ.  23  April  1945* 
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isr.aaoGAirioK  of  diu,,  ing«  jqhann  jcssf  klsin 


By  Sq/L  Shorpe,  F/Lt  3tokes 
■md  .Dr  Porter,  at 
Partenkirchen 


» 


Ing«  Klein  was  asked  about  the  new  servo-control  equipment  which 
he  was  reported  to  have  worked  on«  He  said  that  he  had  had  sample e  in 
bis  laboratory  but  did  not  know  detalls  of  the  Circuit«  The  re  are  sever- 
al  different  feypes,  having  time  constants  from  8-10  milliseconds  up  to 
100  milliseoonds«  The  IGO-millisecond  type  requi  es  an  input  of  1  to  2 
ffia  into  400  ohms  to  produce  a  saturated  output  of  so  e  than  100  mif*  The 
device  is  designed  to  control  a  K-12  servo-motor  and  is  usod  in  the 
automatic  pilot  for  fighter  aircraft  such  as  the  $e  109,  etc«  A  500 
cycle  AG  supply  with  frequency  regulation  must  be  p^ovided, 

This  magnetic  ampiifier  was  tested  in  model  of  the  rudder  control 
for  wasserfall«  Results  were  not  very  g  ;od  bocause  of  the  1  ng  time 
constant  of  the  magnetic  ampiifier,  as  compared  with  an  electronic  ampl— 
Lfier®  The  time  constant  is  particularly  important  in  Wasserfall  where 
the  natural  frequency  (aerodynaroic)  is  high,  being  of  the  order  jf  3  cps 
for  lateral  motion  and  auch  higher  for  roll« 

Dr«  Oe  ln  is  personally  in  favor  of  the  magnetic  amplifiers,  and 
jlnkß  he  could  have  overcome  the  time— constant  trouble«  However  they 
were  difficult  to  obtain,  bofch  because  of  a  scarcity  of  mu-metai,  and 
because  each  ampiifier  requi red  twenty  to  forty  manhours  to  pröduce. 

Sine®  four  aspllfiers  were  required  per  rocket,  the  labor  was  co-ncidereO 
too  much9  Electronic  amplifiers  would  have  been  just  as  bad,  and  in 
a&ditlon  there  was  a  very  severe*’ Bottleneck'"  in  vacuum  tubes«  Therefore, 
th®  Wassert  all  engineers  wäre  tr/ing  to  develop  a  simple  relay  sjrstem 
which  could  be  operated  by  the  gyroscope  pick-off  and  would  control  an 
eleotrio  motor«  To  keep  the  system  from  hunting  the  relayVare  caused  to 
••chatter**  or  pulse  at  a  frequency  determined  by  the  time  constants  of 
the  relays  themselves.  This  pulsing  is  produced  by  means  of  a  fecd-back 
Circuit  and  gives  a  control  which  is  similar  to  proportional  control s 
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(  Intorrogation  of  Dipl  Ing  Johann  Josef  Klein,  contlnued) 

Dr  Klein  seems  to  be  relatively  enthusiastic  about  the  relay  system 
and.  believes  it  will  be  satisfactory  for  Wasserfall« 

R Porter 
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Interrogation  of  Dr.  Oskar  Lange  (EW  2222)  5  June  1945  -  ?y  F/Lt.  H.W.  X 
Stok'"1 1  and  '.V,  Hausz. 

Born  1912.  Worked  at  Heinrich  Herz  Institute,  Berlin  under  Prof. 

K.W.  Tagner  fron  1936-1940.  He  was  concerned  with  magnetrons  in  the 
10-20  cm  ränge,  in  particular  v/ith  the  back-heating  of  the  filament.  In 
1940  Dr  Lange  published  a  dissertation  summarizing  wo?k  done. 

Düring  this  period  he  also  carried  out  a  research  on  the  transmission 
of  1  to  5  meter  shoct  waves  in  the  ionosphere.  Wsed  a  1  KW  impulse  trans- 
mltter  near  the  Scharmützel see  in  Berlin.  This  work  was  under  the  direction 
of  Prof.  Leithauser. 

In  1939»  October,  Dr  Lange  was  attached  to  the  Lrprobungstelle  at 
Earlshagen,  but  was  allowed  to  perform  his  work  at  Berlin.  He  was  asked 
to  prepare  a  summarj  of  all  avä&lable  (ge man  and  fo-eign)  papers  on  hhe 
l-rai  Emission  of  short  waves  4  to  1000  meters.  This  was  completed  early 
ih  1040.  Then  he  was  sent  to  Rechlin  to  study  beam  control  methods 
(Lei  C  strahl  verfahren)  under  development  by  Dr.  Plendl.  At  the  time  it  was 
ppiied  to  the  control  of  Ju  52  aircraft. 

In  April  1940,  Dr  Lange  transferred  to  Peenemünde  and  in  conjunction 
?-Gh  Dr.  Steinhoff ,  who  is  a  good  pilot,  v/orked  on  -the  application  of  this 
im  control  system  to  the  He  111  and  the  Do  17  planes  with  three-axis 
'•»•©ring  control*  A  thowugh  grasp  of  the  Problems  involved  in  effective 
:  sncrol  was  desired«  Experience  gained  wqs  applied  to  the  A  5  missile  S 
fiuring  1941  and  1942.  Similar  experiments  leading  to  the  Leitstrahl  control 
of  A  4  were  carried  out  in  1942  and  1943* 

Subsequent  to  the  development  of  the  Leit  strahl,  a  50-60  MC  apparatus, 
Dr  Lange  worked  on  the  development  of  the  Leitlinie  Verfahren.  One  of 
its  aims  was  to  reduce  the  possibility  of  jamming.  It  was  tobe  a  50  cm 
system.  Much  work  was  done  but  the  development  was  yet  complete.  It 
was  being  developed  in  conjunction  with  Dr.  Jaekel  of  Telefundken* 

To  reduce  the  jaaming  possibility  great  emphasis  was  p  jt  on  the  deeign 
of  the  antenna  for  the  missile.  A  Yagi  antenna  was  developed,  with  three 
dipoles  in  line  protuding  either  from  the  fin  or  the  fuselage.  This 
design  gave  a  pattern  with  a  forward  to  backward  radiation  ratio  of  50:1 
in  voltage  or  1000  sl  in  power.  For  50  cm  waves  the  influence  of  induced 
currents  in  the  missile  on  the  pattern  was  still  large  but  not  nearly  so 
~reat  as  it  had  been  at  $0  mc. 

As  in  the  Leitstrahl,  the  system  was  basically  a  lobe  switching  trans- 
~tter  with  means  to  identify  the  two  lobes.  Plane  of  poiarifcation  dis- 
tinction  between  the  two  l"bes  was  tried  but  discarded  and  the  final  system 
modulated  one  lobe  v*ith  on  idio  frequency  and  second  lobe  with  a  distinct 
audio  frequent 
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Dr  Lange  was  charged  with  the  development  of  control  for  Wasserfall, 
up  to  Ap  ’il  194-4»  but  a  flying  accidiXnt  incapacitated  him  for  six  months 
°nd  Dr  Netzer  took  over  this  work. 

He  disclaims  having  deviloped  control  for  A  9  as  told  us  by  another 
source  but  says  that  he  had  proposed  a  System  but  had  not  developed  XKX  ite 
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CIQ3  trip  Ro,  183  Group  II  -  Copy  of  rcport  given  to  Group  Io 
UST3RR0GATIC1J  OF  DR.  LARGE  AT  ffARMISE  PAHTENKERCHAH 
JUNE  6th  1945 

Interrogated  by  S/Ldr.  B.  A.  Sharpe,  RAE 


SU3JSCT  OF  KfTERROGATIüITs  "Leitlinie"  decimeter  steering 

System  for  Vf. 


Br.  I»ange  explained  that  the  Leitlinie  Bystem  vgas 
being  developed  as  a  replacement  for  the  "Victoria  Leitztrahl" 
steering  System  for  V2. 

Its  aAin  purpose  was  to  reduoe  the  possibility  of 

Jamming« 

A  wavelength  of  50  cms  was  used  and  direotional 
aerials  were  used  both  on  th4  grooud  and  on  the  miiiile. 

The  System  used  was  the  Barne  as  the  Victoria 
Lietztrahl  with  theepceptlon  that  the  modulation  fraouencies 
indicating  the  mark  spaca  periods  were  higher,  i.e.  in  the  super- 
sonic  region. 

GROUItD  EQülPMEHT 

A  Wurtzburg  aerial  System  was  used,  fed  fro^.;  a  cw 
transmit  ier.  A  commutator  was  arranged  on  the  aerial  drive  to 
provide  ewitfahing  of  the  mudulation  nes  in  the  required  sectors 
of  the  scan. 

MI  iS  ILE  MJJIPI-ENT 

This  equipment  followed  the  sane  general  Circuit  ar ran ge¬ 
rne  nt  of  the  Victoria  Lietzstrahl  but  the  design  would  be  made  very 
mach  smaller  and  cheaper.  This  was  due  to  the  following  reasons. 

1)  The  direotional  aeriAls  on  the  ground  and  on  the  missile  pro- 
duced  a  greater  equi valent  field  strength  at  the  missile  allow- 

ing  a  quite  simple  design  of  euperrengei  erative  receivers  to  be 
used. 

2)  The  higher  modulation  frequencies  used  resulted  in  much  small er 
filtere. 

The  xxgt  origonal  Victoria  equipnent  had  dinensions  ^  x  25  i  15 
cms.  while  the  ne, 7  öquipment  was  built  into  a  cylinder  12  cms 
dismeter  and  18  cms  lcng. 

The  aerials  used  on  the  mi  silo  '"ere  three  e lerne  nt  yagis  mo^nted 
on  the  £lns.  These  gave  a  back  to  front  power  ratioiof  30*1 

STATE  CF  DMWI CIMTEKT 

This  equipment  was  still  ander  development  at  Tele  funken. 
The  engineer  in  Charge  was  Dr.  Jäckel. 

ITUTESR  ACTI OIT 

More  Information  may  be  obtAined  throag1  Dr.  Brandt  of 
Tel «funken. 
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16, June ,1945 


Laraeon 

Knast 

Roi-dt 
Rumpelt« 

Introduetlofr. 

^ix'sT "Inter  ro^ation  aOiitiiuv^j  am  amolificg  the  re  -  ort  cf  In 
Jure,  1945  on  th.3  above  man* 

l:c  toor.  This  rsooilieus,  high  vcloei  ty  gun  was  worked  on  in  Swu-lon 
Ilring.  1940-43  by  larsaon.  In  th*  o  device,  snown  in  Fig.I,  re coli 
±3  eountöractei  by  a  rocket  Jeot  isauiiig  fron  tio  broeoh  of  the  gute. 
The  pwoier  Charge  na  As  up  of  suanü^xv  iiC  powler  of  theälmsnsiouR 
aho  vn  is  dlstribubed  on  oiwiicr  üiue  of  an  ignition  plate  in  the 
ratio  of  3  parts  forward  uni  I  .^arts  alt.  ignition  ia  produood  by 
hoating  a  wire  which  seta  off  a  compre^aCa  black  powdar  disl:  on 
•ither  aide  of  tho  v;ire*  Current  is  obtainui  from  tha  stra/y  field 
Inside  the  gun  tube  duc  to  a  ooil  wr&pped  a round  the  outsido  of  tha 
tube.  The  lnterrogaters  Claim  that  they  have  male  this  dubious 
device  work.  After  innition,  rapid  burniag  of  the  two  eharges  raisQB 
the  chamber  pressure,  acoelerating  the  proj ©etile  and  blwoing  the 
bursting  disk  situated  in  tue  rcur  of  the  Charge.  From  that  tine  on 
the  rocket  Jet  from  the  rear  is  supppsed  to  croduce  a  force  equil- 
lbrimn  with  the  normal  gun  recoil  f pro es*  The  bureting  disfc  is  male 
from  ca»t  Iron  or  preferably  a  steel  reinforced  pl&atlo.  Sie  hem- 
Ispherloal  oup  scallng  the  forward  eul  of  the  powder  Charge  carriea 
the  projeotile  on  &  short  extenaion  Qf  lts  forward  aorfaee*  This 
«up  ls  made  from  semiolroular  flat  stcol  band«  «verlapping  and  moald- 
•d  in  plaetic.  On  reaohing  the  gdn  bore  reduotion  the  hsmisphere  la 
«uppo8ed  tc  broak  up  and  pass  out  through  the  muzzle*  The  outßide 
diem.  of  this  heiaosphere,  13  providtd  with  labyrinth  grooves  where 
lt  oomes  in  eontaot  with  the  large  gun  bore  to  prevent  gas  leakage* 
Sie  interrogatore  Claim  that  with  a  eh&mber  pressure  of  £000  attl 
the  projeotile  veloclty  at  the  bottle  neck  will  be  850m/sec  and 
at  the  muzzle  15C0m/sea.  Higher  pressures  toward  the  muzzle  end  of 
the  gun  ite  given  as  the  rea^on  for  the  higher  muzzle  veloolty«  k 
Üght  gun  tube  can  be  made  to  stand  rthis  pressure  by  a  form  of  strip 
vinding  shown  in  Fig.  ß*  The  wlnding  ia  laid  on  in  an  overlarping 
Jbelioel  form  in  4  to  6  layers  ander  tunsion.  ütriv-s  are  made  from 
a  high  strength,  oold  drnwn  Swodish  stoel  of  160  kg/mnr  elaotic 
Ximit*  The  inner  layer  is  male  fr  um  stock  *6  to  1  mm  thioVr.  Thick- 
Ä«ss  io  reduoed  in  each  layer  until  the  outaide  layer  is  0*£  mm 
thiok.  A  thin  out er  tu: e  ia  puchod  ovor  the  usseiubly  for  protection. 

The  clalm  io  latde  that  such  tube s  ha v ing  a  total  tiiioknes?  of  15  mm 
havo  suoessfully  withato&fi  3000  ulü.  in  order  to  obtain  euoescful 
Operation  elasticity  ia  neccsf;£ay«  Bach  layer  of  winding  reust  slido 
•xially  on  itaelf  so  that  alter  oevsral  pressure  applications  a  thin 
bright  line  sho;vs  ncar  each  rubbing  eage.  The  projeotiie  used  in 
thie  gan  is  provile-l  v.ith  l  ic  Trcmsdorf  device  d^soribed  in  tho  lö 
JTune  interrogation  cf  the 3 3  sa^e  .mon. 

This  gun  haa  never  bcen  built* 


fietmyW  Rs-^o  ■ 

This  ratio  is  defiaed  &a  the  arca  oi  burning  powuor  surfaee 
d«vided  by  the  throat  area  of  tho  nozzle.  For  normal  diglyool  pow- 
d«r  (for  composltlon  see  report  of  lb/6/46  on  these  people)  &  ratio 
of  500  to  600  is  normally  used  whlch  glves  &  pressure  of  150-200  atiS* 
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'.itL  "rer  Pulver"  a  rat^o  of  SO  -  80  will  give  the  optina  working 
Pi'  -  wU--rc  oa  Zj  tu  30  atu«  A  lower  ratio  Ia  required  aince  the  burn- 
ratk,  oi  :!iOi  Pulver ,f  is  alout  ton  tip»es  that  normal  pcwcier« 
i-ir* o-vtited  powder  graina  arc  useu  the  inner  IQLernmung  ratio  muat 
be  consic.ereci  in  order  that  the  grain  will  not  be  üurat  lue  to  intern« 
'1  prc.-.surc«  Für  single  Perforation  powüor  the  ratio  ia  deiined  as 
-ni  c.rt-a  oi'  the  iiuifei*  fcumin^;  surfe,  ee  äiviclei  by  tt/ioe  the  hole  area* 
P:i*  ;ocv_iity  ireji  powaer  grain  explosioris  the  inner  KLemmung  ratio 
I..-  i  vv  leas  iu&n  the  _  outer«  v  i  >-h  burning*  the  inner  ratio  deoreasoo 
*1---  hole  aarsa  (r  k. )  inercases  laste  r  than  the  in.ei*  burning  area 
(  r  <•  Ihese  peoele  wäre  asked  crain  ab  out  the  perle  rma.no  e  of  per 
1:1* er.  ün  toat  it  haa  given  a  fuel  consumpticn  without  an  expand- 
i^o  noüile  oi  4*5  gm/ kg  sec*  With  en  expanüing  nessle  this  would 
xopiosenö  an  31  oi  27V  eee* 
ihis  obtalned  by- 

1«  Higher  temperature 
£.  Higher  specific  gas  volumn 

äm  Eigner  he&t  eontert  in  the  organlo  oompounda  (aore 
H  2}  giving  better  corabustion  Products* 

In  aidition  thig  powder  k&.s  a  higher  spocifio  density  than  normal 
i.2.  1.8  instand  of  1*66 »  With  further  work  it  ia  hoped  to  obtain 
iuel  consuaption  rates  of  4.0  gn/kg  seo  without  an  exoanding  nozsle, 
Shoee  men  suggest  that  Dr-  Seiohmann  be  interrogated*  He  is  in 
Woiratshaosen.  about  20  miles  north  of  her©  on  the  llunioh  road* 

Kuppelt,  HoxtLt  and  Kunst  worked  for  tPeiohmann.  on  fuel  knoaking  prob¬ 
ier  and  epeaJfc  highly  of  hie  abllity.  »Phis  report  repeats  iSorm- 
atic-u  galned  fxom  the  interrogates  yith  no  special  effort  to  gort 
out  faot  and  fanoy* 
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POWDER 


Ml is  L&rsson, 

;  i^-iufeör 
jtouLhoim* 

1«  iiarsson  was  born  on  14  Varofr  ,1916  in  Gstra  Froluala.  „ILvs- 
borgs,  L&n,  öweden.  Kö  a tlaraxei  r.  nulle  sehcol  iw  Rydobruk  Idt  6 
/sars,  and  the  gymnaaium  in  Kälmstal,  for  4  years.  In  Addition 
fco  that  hü  a^o'tuei  anfcil  1937 ,  tho  Chalmers  CGoimical  hi gh 
sshool  at  Gothenburg*  laraaon  be  an  two  years  of  voluntary  sör- 
vica  during  lailer  half  of  1937  at  the  owedish.  artiliery  re^i- 
iaint  in  Stockholm,  and  later  want  to  tho.  resexvo  off ic^rs  sohool 
which  was  situ&ted  ia  the  artillery  dohieasohule  Skillin^aryd, 
soataern  Jweden.  Becauae  of  the  war  hia  irainiug  was  proioujed 
and  iio  was . roleased  ia  Juiy  1943,  sinoo  it  was  posaible  to  famil- 
iarizs  hiaself  wild  the  different  woapons  used  by  the  intantiy 
and  art  liier, y  units,  ha  beeame  latere 3 ted  ia  armaiaujut  techniques* 

He  v.ut«  specially  interested  ia  tho  uoaigaing  of  portable  guns 
and  light  portable  weapona,  aiaoe  ia  hia  o  pinion  the  ourroat  types 
to  be  toe  heavy« 

Zm  Ia  the  iussaer  of  1940  he  proposed  a  aoa-reooxliag  tank  gun  whioh 
was  aooepted  by  the  Swedieh  armies  weapona  br&aoh*  for  th&t  reason 
he  was  transferred  (as  &  elvillan  employee)  to  the  Swedish  armies 
wo&peng  offiee  ia  Stockholm.  Düring  that  tim©  he  studied  for  two 
texm®  at  the  artillery  engineering  school  cf  the  Swedish  General 
staff«  In  the  fall  of  1942«  the  tank  gun  wa9  approved  for  man- 
nfaoture.  the  Swedish  infantry  was  issuod  with  9000  pieoes  I  one 
pers&uodl« 

3«  Whiio  demenotratlag  this  we&pon  he  o&me  ln  oonlaet  with  rep¬ 
räsentatives  of  the  foreiga  ailitary  attaoho;  The  fforweglan  mil- 
itary  attaoho  {London  Gongst»),  Lt*  Col.  Smlth-Kielland  (now  am- 
baseador  Im  the  royal  fiorwegisn  Govnmt.  for  the  future  Czeehoslow- 
ddan  re public)  showod  tho  Amerioan  and  Britiah  atiaohes  some  of  hia 
designs»  for  it  was  Larsson’s  wiah,  if  posslble,  to  go  to  Amerioa  or 
England*  and  there  eontlnue  his  work  in  the  Interests  of  the  united 
nations*  Shore  after  he  was  invited  to  lunoh  by  Major  Bali  sh  the 
Britiah  aeoond  milltary  Attache,  there  healso  met  the  Amerioan 
milltary  attache;  It  was  determinod,  in  the  Interests  of  the  Allied 
naticns»  to  try  and  look  into  the  powsibility  of  Laraaon  eoming  Olth- 
er  to  England  or  Amerioa»  and  to  work  there  in  a  oertain  development 
Organisation*  Gn  this  oooaaion  ho  showed  them  several  of  his  prev- 
lona  dosigns  and  eutllned  some  of  his  further  iseas* 

4«  $y  this  time  it  was  1949  and  the  only  way  for  him  to  get  out 
Of  S jeden  was  ty  air»  ha  was  informed»  howeyer,  by  the  British  Mil¬ 
itary  attaoho  that  ho  oould'nt  leave  Sweden  in  that  way  under  any 
ilroonstanoos*  Bosldos  whioh  larseon  had  beoame  an  offieial  in  the 
Swedish  arwr  weapona  hranoh  in  Stcekholm« 

9«  Zastosd  the  Suggestion  was  made  that  he  be  sent  to  GermaiQr  in 
tho  Interest  Of  the  united  n&tions  in  order  to  work  there  tili  the 
end  §t  tho  war  and  gather  and  pass  on  Information  ooheerning  dev- 
eXepnents  Ofw^spohB«  JTor  this  purpose  he  was  met  by  several  rep- 
vesea&atlve*  of  tho  Anerioan  and  British  seoret  servioes,  from  these 
non  ho  reoeiyod  one  aentks  instruotlon  on  how  to  opera te  (for  full 
pOÜeulars  of  hia  aotlvltles  ln  Gexmaisy  see  Appendix  Sor— J 
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6«  At  the  above  meniioned  öLemonstration  of  his  woapon  he  also 
csmo  ln  sontaot  with  tho  representativea  of  the  German  ailitary 
attache,  Ist  «It.  Ibillor-liebenau  who  aa&ad  larsson  to  pay  him 
a  visit  in  oornaotioA  with  sandig  hi»  to  Germany*  Several  days 
aftor,  evorythin^  was  set,  on  22  Küy,1943  Larsaon  got  hig  final 
infitrijetiona  -fron  s.  British  aecx-o«  ßurvioe  man,  tfr.  Abraham  who 
«ar,  eiaployed  at  tho  Erl t iah  le^ativ.*  in  ^tooknolm«  lAmgon  gave 
him  luts  latest  drani.  ^  for  development«  On  the  saac  dayhe 

travelöd  by  trair  to  the  }#udish~Eo?tfbgi*n  border,  there  was 
taiasn  in  h&nd  and  csccrtsd  by  a  w»3U iah  enginwer  who  wag  working 
oi ticeg  were  looated  in  ?•> ;  rl in«» c hnaa-ge&äor  f ,  Berkaorstr  25/36 
near  Bieter  Plat?.  On  1  July ,  1D43  he  was  employed  by  MagCt,  Berlin 
legal,  this  fixm  belongcd  to  *7s i*\:e r tuagsge  se  11 sohaf t  " ,  Montan,  a 
dojamy  Corporation  ( Tarnte sellschai't )  with  whioh  the  leading  we&pons 
fix-iao  were  connected.  Aneng  then  . fceiü&  ftheinactall  Borsig,  the  firm 
o£  Ijäget  is  also  oorr.ected  with  Iheiaüötoll  Bo  reiß,  it  ic  the  le&d- 
firin  in  the  field  cf  ltgl  t  imehit-o  guns  ( IMG  Modell  42).  For 
other  partl culare  oenoerning  the  läget  to  aee  his  special  report 
Appendix  So-™  ) 

7«  ln  Order  to  carry  out  hia  registration  and  in  Order  for  him  m 
foreiguer,  to  advoid  any  trouble  he  waa  given  a  helping  hand  from 
tue  ferner  ohief  of  the  ceourlty  polioe  and  tbo  S«D#,  S3-Eauptstrma- 
fuhrer  Skorzany.  At  the  saa^  timo  ha  was  interrogated  by  the  Gest¬ 
apo  and  soizod  by  the  crirai aal  polico  for  the  German  Beeret  Service, 
they  orossod  the  border  aboat  Sin*  aoutk  of  the  Ch&xlottenburg 
©usterns  Station« 

6*  In  aoeordanoe  with  the  talka  of  the  German  milit&ry  at:  ach©  in 
Stockholm,  Larsson  war,  transportou.  to  Oslo  by  German  military  polioe 
via  an  Office  of  tho  G^-rnan  aeourity  polioe,  and  the  S.D«  ( security 
scrvicc  )  in  Uorway.  Ke 'ms  kept  in.üalo  for  approx«  threo  woeko 
bo cauge  his  entry  papora  bad  not  ööwn  oompleted  and  the  entrv-oonld 
be  regulated  froro  that  point  only«  Qn  16  JUne  he  went  abroad  the 
troop  trana  ort  s/f*  Monta  Ilooa  and  sailed  for  Aarhue,  Bennark,  and 
fron  there  oontihued  his  Joui»noy  by  reilroad  via  Hamburg  to  Berlin, 
wherc  he  arrived  an  23  JTune,  1942* 

9«  Larseon  had  a  letter  of  lntxoduotion  from  the  German  "Beereewa- 
ffea£lnt,,  for  the  firn  M&^et,B£rlin-I«^el#  and  aleo  an  Order  to  report 
to  the  Ghicf  of  the  oecurity  polic.fi  and  the  S*4>«  whoee  (other  pert- 
iculars  oonoernin^  hls  L\ecti-^3  with  higher  German  polioe  authoritios 
eeo  Aioenlix  Ko.——) 

10.  Iu  Order  to  really  graap  tho  aituAtion  it  should  be  explained 
thsiu  the  above  montionsd  .3.  Xlaup t« tca’mhhre r  Skoraony  had  in  the 
»cantins  ocn-leted  hio  actio n  of  libcrating  Miissolini.  For  that  reas- 
an  he  booame  a  very  infliusnoiol  and  well  Known  pereonality  in  Berlin, 
which  of  ^jourso  wes  to  the  advanta^v  of  Larßaon«  Skorzeny  eculd  be 
▼ery  hcl'oful  when  Ldrsso/i  v.as  intreduood  into  the  Reichs  ministry  for 
Axiao-ucnt  and  war  product ion  (ohief  weapous  board),  into  the  army 
wearon3  sootion,  and  to  Chief  of  tac  weapona  seotion,  Brigadof, 

Gärtner,  in  other  words  to  all  the  lcadi.ig  authoritioa  in  the  field 
Of  development  of  wonpoiu«  Xhoao  nutlioritioa  he  told  of  hia  augrw 
oations,  as  per  Instruction  obtutuod  in  Jtooxholm,  he  was  then^ft^tor 
lo.ig  arfL  difficult  negotintioua  with  aevertu.  Garu&n  authorltfea  faee 
porsouunl  flies),  transferred  to  the  Vcrauohtt-Austalt  GrOBsetiäor^« 
Westprussia  situatea  on  the  Heia  reninaula* 
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XI*  In  the  je© aut  ins  ten  monthg  had  gc ne  by  and  h©  was  fitili  v/ai t— 
iiiei  £<-r  «ord  ©oaceraing  his  sugf-estions  on  dsvelooments. 

-77  the  V c rsuahs-aruj  t  ul t  Grcssendorf,  he  had  the  best  roec- 

iJ  _-  Ji-u-iOO  “fco  bX'viük  iütO  *<— tüOlUliCuJD  oince  at  thi  3  liir t  i  tu  .> i  cu  th© 
worh  In  this  freld  was  golc^;  ou  ver;;  ihn’ou^kly  am  ny 3 t.  rne.t I cully  • 

-7^  -5  Jacriud  cm  uicior  1- — l-uu*.J.c  *5l*  i.if-*  heif  ,  ouo  cd* 

/'-f;  7' v  *.  c::c clnix.  c*  of  C o ^ uu. v/ •  i*ii3  Vorc  umu  .uu;  t«u‘.t  r:ain— 

*7’"*''^-^  vilcG^u v  w —  c  ~i  -a  «Uv  icuculugpiaic  Iota  cn  lic  A^ltic, 

.'äioro  ^Ciicral  Jombczgoi-  and  rof.  ^ikuaan  ;vcrc  Icveio^ir^r  tho  A-4 
Xor^:  ränge  roo aet-  lator  c&^eu  «hc  V**-.  Ti;oy  mal  ac.'orol  oom- 

plato  fl-Arbeitan  (ro  ports?)  ior  7hlc  roc.c-t  field  a.n  thrcuch  those 
-^rssen  vas  very  .rall  &hle  to  Jfoilow  tk:  d - velo exuonte  cf  t  :  y.r, 

7'  ^3  ror.orts  in  rcfc^cncc  to  tu!  3,  tc  Stbefchclra  througk  tho 

L,v*;>  \*?^s  at  hl 8  lispcsal.  0ä£}  tfcroug-i  Ms  ccntsot  in  ?erlin;  two 
ihrouyh  hia  o*n  corre jpealt  nc e  (Partiellere  hereiore  .ie  App-?.i'lix 


13.  Here  he  also  oaue  ln  ocntact  Altn  the  latli:/  ceu  cf  iho  Tor- 
f-do  Vers U3hs  Anstalt  Gvtheahafsn  a  brauch  o.t  tho  iLrie^enariuc, 
»crsuchs  Anstalt  2CloX  and  also  witii  tüia  chi of  cf  dive lohnen t  of  t-hs 
hfi,vy,  Prof*  "’slter,  InaXtiding  bla  ddvelotin^  Station  on  töe  Hsla 
-©ninsnl^  ^urthen&äro  ho  heul  connootioAs  with  tne  levedei  oia^nt  seo- 
tlon  of  the  Technical  High  iohool  faazig  and  tim  special  d^velop- 
ing  sootion.of  tM  f Isaa  Konao  ln  Zopp  dt  snloh  nad  tno  tasic  of  <sarxv-* 
ying  out  epeaial  high  fxoiueaojr  studioa. 

14.  3iaöe  in  tne  wlütor  1944-45  t)ie  iaainont  Rnafiian  drivo  lato 
fruasia  aado  &*m  poaitlos  aomewhat  dlddioult  it  waa  dooldod  to 
moro  th«  Vereu^bÄ-itastßlt  Orosaandorf  t  West  Pruasia  to  Plbroxnf 

Sr  ©oho  elovakia  nd  there,  in  oonluaotloc  with  the  Säftfen-Jaion 
Skoda-Brunn  Gts&B.* »  WsrJk  Prlbans  t  Ähich  had  alrd&dy  boan  ander  ihe 
Birection  &£  Ing*  Bolf  Icgol  for  one  half  yoar  to  forr*  the  versaoha- 
AnataXt  of  the  ^afioa-Jniöa*  ribran*  fha  lntantiona  wo  re  to  oreot 
one  pow^rful  doveloioont  Station  through  tha  coaiblning  of  the  two 
rentioned  otations*  for  thet  purpos©  ono  of  the  moat  modern  testing 
benohoa  for  r-oeket-töchaiguo  wae  plonnod,  and  «rreotod  höre  (approx, 
8hrM  frosz  FihramJ  All  the  eedangerod  development  aectlono  ln  Ger- 
mary,  th&t  is  controlled  ü-wenpozifi  f  ^crc  transferred  to  Ilbranü 
SC3idG9  th&t  tliö  moat  quallfi cd  teohnienaa  in  t ho  field  of  E-teoh- 
niqoc  wer e  brougiit  together  herc. 

14.  Sine©  Gemany*»  imainent  caritulation  was  at  hand  it  w&a  de- 
eidod  1&0  break  up  tto  organi:iation  and  lat  tho  workerj  movo  out  of 
Czeehonlovakla.  Ihis  was  1^1530^*8  favooratle  opportun! ty  to  ;lnce 
his  personal  flies,  »hi oh  isers  in  pocoaosion  of  the  firm,  into  rjafe 
Irnsing,  bo oldes  that,  vhile  moving  out,  it  mn  Larsson'a  good  fort- 
une  to  aooiLculute  and  savo  jsvozal  verj  important  apparafcur,  and 
lrav;iaga  in  the  devolovincnt  at  1.  whlch  wer©  dispereod  tiu-ong>*out 
Southern  Oexiiany.  In  additlon  oo  that  it  ahould  be  Bald  that  his 
arifc  (  who  ia  llving  adLth  th-ii*  tuo  chliircn  in  StocUiolm)  h?.a  in  ao 
uncertain  »aannör  forwar-ded  his  i*ecorto  in  iwtden,  uuu  hea  ko  t  r.rd 
is  kt-eping  in  ©oataot  with  the  pecrlc  »hc  h&d  seid  hiPi  to  G-iciany  in 
tho  first  place. 


Iß.  On  the  re  turn  of  the  lr.st  tir.nc;crt  out  of  CzechoslovUcia  hay 
4ih.  they  wez*e  overrun  by  jühcrican  troops  nenr,  Bauden  a.d.  S&lzaoh 
&nd  per  his  Stoohholm  instruotions,  immedlately  reported  to  the  first 


ision. 
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I  .u-  ih-  lutlora  oricra  Larsson  was  «ont  to  XVth.  Arrqy  Corpß  ( O&pt» 
D*  -vt  s }  in  CaXiläurs'aiifi.  fron  th^re  to  7th..rm^  HoeAquarterc  ir; 
Aagsourg  -liCrö  ho  ar*I  -.art  ol'  hia  group  have  ot&joi' sino«  T&/  lOth* 

Ängafcvav;  6  «Tauo  1IM£- 
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Millinger 


Germ 1 sch  19  Key  1945 


Millinger  proved  to  b©  &  difficult  men  who  was  reluctant 
to  telk*  He  was  born  7  May  1990;  was  educated  et  an  Engi¬ 
neering  School,  Frankenheus en,  after  which  h©  worked  es  a 
mecfcanic.  Re  went  to  Peenemünde  on  29  Eecember  1939,  and 
worVed  on  A-5  {4-5  meter«  long,  rether  leas  than  60  to 
SO  cm  diameter,  no  pumpe). 

Questioned;  (1)  RegerÖ5ng  Potentiometer  &  Contect  in  main 
02  valve.  Former  uaed  with  osclllograph 
in  teat  shed*  Letter  by  Thorpe  in  the 
field. 

(2)  Regere ing  cel.  pum.  diaphragm  awitch. 

Opera ted  at  1.3  atu  -  permitted  the  electric 
E202  byepaaa  valve  to  open*  Thia  diaphragm 
switch  is  the  Rubidpentakl 

Interviewed  19  llay  1945* 
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IHTKR  •X'G.VPlüN  l:F  Bi?.  N&fZKF,  tSvV  224,  re  .Vaaaorf all. 

By  P/Lt.  Stokes  24  May  1945 

1*  Wasserfall  is  known  in  altogother  four  modif icationo  designatod 
W-l  to  W-4.  It  was  intcndod  to  use  the  letter  "V”  but  thls  was  not  adopt¬ 
ed  as  it  became  the  collectivc  notation  for  offensive  weapono.  (V-l  and  V-2 

W-l  QnlyX  one  or  two  rr.lsniles  type  W-l  were  produced  and  were, 
for  exampkk,  the  only  oub-types  in  which  the  fuel  tanks  were  made  of  alum- 
inum. 

W-2  About  five  examplos  nade  of  the  second  Variation  of  Wasserfal. 
The  aerodynemic  featuro  of  the  Shell  of  W-l  was  retained,  but  the  lateral 
dimensions  (span)  of  the  winga  and  the  tail  unit  was  reduced.  (Cee  atched 
Sketch  1).  Snother  sheet  metal  fuel  Container  replaced  the  aluminura  ones 
of  *-l.  The  aervo  mechanism  was  fully  hydraul ic  apd  was  »upplied  by  LGHT. 
Hot  all  five  w-29s  were  fired,  a  number  was  destroyed  or  damgged. 

W-5  The  aerodynamic  shape  of  W-2  was  retained  and  little  change 
naA*  in  the  "interior  fittings",  except  in  the  layout  which  was  altored. 
Also,  the  hydraulic  servo  gear,  was  replaced  by  an  elec tricvhydraullc  Sys¬ 
tem  known  as  K  12.  Original ly  it  was  planned  to  produce  170  w-3*s  but 
is  was  ourtailed  to  70.  ln  fact  only  so  me  40  ühr39s  were  made.  The 
majori ty  of  the  componente  were  made  by  private  industry,  the  tail  unit 
of  the  Shell  only  was  made  at  Peenemünde.  However  final  asaembly  of 
Wasserfall  took  pl&ce  on  SW  326  under  the  direction  of  personnel  from 
VKH. 

W— 4  Resenbled  W— 2  aerodynamicaly,  but  incorporated  a  fully 
hydraulic  servo— raechantsm  of  LG.V  limited  to  an  effective  time  of  70  secs. 

2.  According  to  Dr.  Hetzer  parts  of  Wasserfall  were  bransfer  ed  to 
Heu— Bleicherode  in  the  course  of  the  general  move.  The  new  location  wa3 
known  as  EX  224  and  was  housed  in  surface-workings  immediately  Out¬ 
side  the  villa^e  (Dr.  Netzer  could  personally  direct  anyone  there,  should 
an  opportunity  be  offered).  He  does  not  think  that  a  completo  Wasserfall 
is  to  be  found,  only  parts,  mainly  noses,  centre  sections  and  tail  units. 

3*  Wasserfall  reaches  a  supersonic  speods  after  18/19  seconds  from 
Start,  remains  at  supersonic  level  until  70/80  seconds  from  start  and  afte: 
about  90  seconds  fr  im  Start  ceases  to  respond  to  control. 

This  time  of  90  seconds  io  called  "Gesammitioirkungsgrad"  and  is  the 
me  durlng  which  the  mi&sile  malntalns  a  higher  vclocity  than  the  veloc- 
of  the  target.  It  is  also  called  "Treff zeit"  or  the  time  du ring  which 
it  is  possible  to  obtain  a  hlt  on  the  target.  The  time  of  the  "Gesanimtev- 
irkungograd"  io  also  the  time  Ahe  re  the  missile  is  maintained  under  contro 
tMumanf 
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(Inherr*  of  Dr.  Ketzer®  continued) 

33iiS  time  is  limited  also  by  the  lifo  of  the  DO  batteries  carried 
id  in  the  case  of  sub-types  using  fully  hjrdraulic  servo  Systems,  by  the 
amount  of  oil  availaöle.  Again,  a  limiting  facto v  may  be  the  efflciont 
expul sion  of  the  fuel  from  the  reservoirs. 

According  to  Dr«  Ketzer®  all  caloulations  on  the  expected  pcrformance 
of  Wasserfall  were  made  on  basis  of  a  total  control  tome  of  70  and  90 
seconds,  with  a  maximum  burAing  time  of  40  to  42  seconds.  It  had  not 
been  declded  yet  whether  70  or  90  seconds  was  the  limit.  In  the  case  of 
the  latest  sub-type,  W-*4  a  Hgesarmmtwirkungszeitt*  of  70  seconds  was  prov- 
ided  *ith  fuel  requlrements  chosen  accordingly.  In  this  case  also  the  oil 
requlrements  of  the  fully  hydraulic  servo  mechanisra  by  LGW  were  limited, 
to  an  endurance  of  70  sec  nds«  (the  oil  pressure  to  be  used  was  60  atii, 
and  was  to  be  obtained  from  the  Nitrogen  bottle  reserved  f  or  the  fuel 
expulslon) • 

?he  speed  of  Wasserfall  is  sald  to  be  over  330  M/3ec  after  70  seconds 
and  140  m  approx.  after  90  seos. 

In  UfiS  view  of  an  expected  shortage  of  lead,  considerable  work  was  carrie« 
out  with  a  view  to  replacing  -lead  batteries  by  primary  batteries.  This  Vas 
dtm  by  Inlg  Wunder,  the  work  was  however  far  from  compla te •  The  lead 
batteries  no  mclly  useed  could  be  heated.  This  was  not  in  fact  done,  the 
batteries  being  well  Imaulated  and  naintaining  a  auf fiele nt  temperature 
during  ordinary  usage. 

5*  Provision  was  made  for  the  incorporation  in  the  nose  of  sötte  form 
of  homlng  device.  However,  nothing  at  all  had  been  decided  as  to  the  pre— 
clse  kind  of  device  ultimatelAy  to  be  used.  Work  was  proce^ding  in  this 
diredtion  at  various  place s.  At  Peenemunde  itself  Dr.  Weise  was  working 
on  an  infra-red  device.  Dr.  Weiss  was  moncemed  only  with  the  device 
itself  not  with  the  link  to  the  Servo-mechanism. 

Work  onX  the  latber  problem  was  carried  out  by  Dipl.  Ing.  Qeissler 
and  Dr.  Ludwig.  It  was  hoped  however  ultimately  to  make  the  missile  and 
its  hand  control  fully  automatic,  but  up  to  the  present  this  problem  and 
the  general  control  problem  was  very  far  from  being  solved. 

Actual  firlng  trials  at  Peenemunde  were  effected  without  the  presenoe 
of  a  homing  device  and  without  the  use  of  any  form!  of  target.  At  one 
ti:te  soziQ  f o '  m  of  searchlight  control  was  comtemplated,  but  after  math- 
'  ;fcic  >1  examination  of  the  problem  this  proposal  was  dropped.  Work  on 
oteering  control  problems  of  Wasserfall  was  carried  out  at  Peenemunde  by 
Dipl.  Ing.  Ernst  Gels >ler  and  by  Dr.  Ludwig. 


388 


(  Inter  i-ogation  oZ  Dr*  Net  :  .  o,  coatinued) 

5*  lüaxirama  hsighfc  rcc.oh.ed  bp  Pass orf all  is  approx.  ?.$  Kinn.  oan- 
xmuir.  i&jtgK  ra?tge  is  *-aid  to  be  about  40  lansf* 

6.  All  modif  icnlions  of  Wasserfall  wcro  fitfcec.  vi l'a  Jet  rud::era  (  ;bi> 
hlrder)#  Bofch  Graphits  and  hcrdr/ocd  (probsbly  oa  0  fcppo.;  wo  re  vscd«  '  ;d 
is  auf  f  LoLent  ?ic  tho  ruc.ors  ure  -equir-,  d  oniy  dl  rin.;  tne  initial  a»ib;v  •  Lc 
period  (  up^  to  ahoub  Kl  *.;eeu  fror:  tbe  sta  t)  •  ’^ethcd:,  ad  b -  :n  devei  i-1 
fc?  Jetbisoning  graphite  ruudern ,  w  ,udcn  type.;  aro  nilov/ed  to  bu  n  off* 
vVork  oii  Jeu  rud  ere  war.  earried  out  by  In-*,  labt» 

7.  The  dis  baue  ö  ei  übe  launch  ins;  point  oi  tno  Kiissiie  freut'  the  c  •;  at¬ 
ro  L  gear  is  ab ;ut  20/3/50  netero*  acco  ’&inp  to  Ir.  Nutzer  it  is  not 

ne.ee ssary  to  align  che  siiscile  in  any  v/ay  ai;  tbo  -hart,  bat  iö  is  ca Ld 
to  be  dune  in  a  erude  wyy  f  ©equentl;- ,  to  assist  tlvo  cp.  r-to-  a.a  lao 
Controls* 


Pnetch  1 


By  D.r«  Hetzer  re  Wasserfall 
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Garmisch-Partenkirchen,  May  22,  1945 


Interview  wlth  Hans  Nlkutowski 


Interrogator;  Dr.F.  Zwicky  CIOS  183. 


Worked  on  the  mixing  ratio  of  the  propellants  on  V-2. 
A  diaphragm  with  hole  was  built  in  of  correct  size  (obtained 
from  hydraulic  handbook)  to  get  the  correct  flow  of  oxidizer 
and  fuel«  Game  originally  to  PeeMemünde  October  1940  and 
worked  on  the  construction  of  the  combustion  chamber  (a  Ofen, 
or  He  izbehfilter) .  Was  a  detail  draftsman  on  a  Job. 


jjircr igg  oT  i>v«  fheodor  Netzer»  10  fttay  1915  • 
dy  :•  I‘>r.  TU  Porter  and  P/lt  .  Stokes,  " Partenkirchen. 


Xnbrcvluctloa« 

• 

Dr*  Hetzer  Gld  not  Cöma  to  T-arlshagen  untll  tfarch,  1944« 

ha  did  >rior  to  fehlt  c  ferne  ia  knaw  knpwn*  He  4  a  14  ho  ha  4 
wrl.ttsn  it  out  in  Ms  "Lebenslauf %  however,  ne  oopy  cm  fil# 

ln  o\ir  Office* 

Ai:  A'arlabagen,  e  ;7cs  fe-rä©dfeately  aasi  frjied  to  Vasserfall. 
Since  he  orrivci  .ratbar  late,  he  occupied  himaeli  orimarlly 
Alfeh  Organisation  and  plarning  rather  than  wlth  detailed  angi- 
neerfeng.  At  Ibat  felr;®,  he  says,  the  technlcal  direction  cam© 

-r—  feJon  Rr&un  and  the  rcilltary  dferection  from  Obs.  Lt.  Dr. 

Halber. 

Accord'x:^  to  Dr.  Netzer,  Wasserfall  was  the  only  really 
i-Uh-cpeod  aa  rocket  planned.  It  was  handled  by  a  special  group 
at  Karlshagcn  and  partly  for  thia  reason  Dr.  Hetzer  falt  that 
it  suilered  se-*\evi  ?.  t  from  lecl*  of  Interest.  When  *the  mcve  wt  s 
mauß  away  frort?,  Karlahogen,  the  fcasaerfall  group  was  eatabliehed 
in  &  csi-xlage  shop  in  Kare  bleicherode,  about  13  km  froa 
bleicherode  proper. 

General  Operation,  Wasserfall. 

It  was  planned  that  Wasserfall  ahould  hava  a  maxi mim 
velocity  of  600  M/bqc  but  the  highast  velocity  actu&lly  ob- 
tained  was  aoout  600  M/sec.  The  rcaxiimjm  angle  of  attack  with- 
ojt  stall Ing  or  instabil ity  wes  aupposed  to  ba  about  Br  in  the 
suporsonlc  velocity  re^ion  and  15  degrees  in  the  subsonic 
reg Ion. 

The  rocket  is  fired  frcxr  a  atstionary  platform  of  tubulär 
conatruction,  arrcnged  with  wheels  an  es  to  b©  easily  trans¬ 
portable  to  and  from  the  alte.  Ko  atteupt  ia  made  to  turn 
the  launching  platform  ao  that  a  reference  lim  polnta  toward 
the  terget ;  the  control  of  tha  rooket  ia  symmatrical  ao  thla 
is  unnecesaary.  The  trajeotory  is  atraight  up  for  the  firat 
alx  saeonds  alter  launching.  Tha  rocket  than  comea  und  er  tha 
control  of  a  computlng  aystem  known  as  tha  t*£inlinkrech&arn 
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the  purp 03 e  of  whtch  ls  to  bring  the  rocket  into  the  Uß«  of 
aight  es  quiek ly  es  poaaible  wlthout  causing  altltudes  ln  ez- 
caas  of  the  maalir.ua  •  Tb«  altitude  la  calculated  at  «11  tiraes 
by  another  computlng  devlce  kncwn  as  the  *T-Rechnertt .  Purlng 
the  final  part  of  the  trajectory«  the  control  ie  "line-of-sight" 
t ärgst  Information  being  obtained  elther  by  radar  (Wursberg« 
or  Mannheia)«  or  by  special  A«A«  theodolltes«  The  rocket  ia 
control led  by  an  operator«  botb  during  the  transltlon  »tage, 
and  durlng  the  final  stage«  who  watchea  an  lllumlnated  spot 
on  a  C. R.O«  tube  and  moves  a  nJoy*atiekM  control  In  auch  a 
way  aa  to  bring  the  spot  to  the  Intersection  of  tjro  linea. 

The  two  Computers  ment  Ion ed  above  plua  a  "Parallax  Rechner11 
tranemlt  the  Ir  Information  autoirmtleally  Into  the  System  so 
the  operator 9 e  Job  la  qulte  simple« 

The  welocity  of  the  rocket  reachea  a  ralue  equal  to  the 
spe&d  of  sound  about  aewentean  seconda  after  launehing«  Short  ly 
before  thia  peint«  eonslderable  dlffloulty  ia  obaerved  wlth  eoh* 
trol  Inatablllty«  Vaaaerfall  la  sald  to  have  an  ezeellent 
•erodynanils  deelgn  from  the  rlewpolnt  of  oenateney  of  eenter 
of  pressure  on  the  ruddere«  but  aocerdlng  to  Ihr«  Metser  lt  ls 
still  not  In&eed« 

The  disienslons«  welghts«  propulsion  data«  eto«  given  ln 
the  Osenberg  flies  agreed  wlth  Pr«  Metser fs  Information  wlth 
the  eaceeption  th&t  Salbei  is  used  inatead  of  liquid  ozygen« 
thr  buralng  time  ls  4 2  seconda  rat  her  tban  45«  and  that  Infra* 
red  homlng  has  not  setually  been  trled«  but  only  propoaed« 

Detail«  of  Control  Equipment« 

The  ruäder  serro  le  a  Standard  hydro*electrlc  unlt  knoen 
as  H2«  Ae  used  on  the  Ju  88«  bullt  by  Luftfahrt  Gerat  Werke 
(L«0«W»)  Berlin«  An  electrle  servo  uslng  a  600*800  watt 
notor  wlth  s  three*stage  reductlon  gear  has  been  deslgned  by 
Pr«  Ing«  Blcklss«  The  A-4  rudder  servo  motor  was  not  used 
becsuae  lt  was  too  slow  and  too  weak«  The  JQ2  was  choeen  be* 
cause  lt  was  svailsble  ln  large  numbere*  The  A*4  "Tischgerät* 
le  used  becauee  no  other  Standard  devlce  was  avallab le.  It 
wes  hoped  that  a  speeially  designed  control  System  mlght  be 
used  on  a  second  modal  of  the  Wasserfall«  Buch  a  System«  con* 
slderably  simpler  than  the  first  has  been  worked  out  by  Dipl« 
Ing«  Klein«  uslng  a  magnetle  ampllfier« 

The  speclsllets  on  the  overall  stablllty  problen  are 
Dipl«  Ing«  Oelssler  and  Pr«  Elfers« 

The  radlo  control  prlnclpally  used  was  the  famlllar 
Kaehl «Strasburg  system,  also  used  on  the  HS  293«  A  few 
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iv-TT-lss  -7(*re  cbtained  of  e  new  aot  known  as  the  "Brigg-Ebzge", 
tneaö  i_>jf  xelefujfccen  et  Berlin*  arid  later  et  Summevfeld  near 
Breslau,  Thie  sot  uaes  a  trsnsmitter  havlng  the  code  name 
■'iiren'1  pro.  a  re c ei v er  sirrply  "Brigg",  or  "Brigg -Ko Ege”.  This 
rrtfio  aystem,  Dr .  Netzer  bellere»  was  to  b©  ueed  qulte 
renerally  &c  soon  ae  ic  coulc  be  put  in  production.  It 
ove:  u2c,  on  the  same  prlndple  aa  th©  Btrasburg-Kachl,  but 
ws cd  r.  wsvoI«r-;>tb  of  about  50  cm*  and  wes  harder  to  jam  be- 
CAU3©  the  frequency  could  b®  veried.  According  to  Dr«  Netzer, 
rt  FCrnn ,f  ta  trsnsmission  in  .3  Channels  aimnltaneoualy« 

(iniormation  later  obtained  from  Cr«  Wurster  of  Meeserschmldt 
indicste-*  tbat  "Kran"  tranamlta  four  aimultaneous  audio  tonee 
for  ccntrolling  four  functlons,  mö  ©an  be  eaally  adjrsted  to 
fir.y  one'Of  tweive  different  carrier  frequencies ) •  Dipl«  Ing« 
Walther,  s  high  official,  who  remsined  ln  dohenpel aenberg, 
should  know  all  about  thle. 

The  r&d^xr  sets  oaed  Tor  ob  ta  in  Ing  11  ne  of  eight  infora- 
ati&n  rer«?  elther  Wurzberg  or  Mannheim,  usually  tha  latter« 

Cen  timet  er  type*  of  radar  wäre  beglnning,  but  had  never  been 
uaed.  The  accurecy  obtainable  wltfr  tbe  Mannheim  ia  about  1/10 
09 gree  probable  error  when  not  jammed  by  "window”  or  other 
countor  meeeuroa. 

Tfee  tranaitlon  Computer,  "fcinlinkrochner",  had  two  forma« 
One  w»r  ©  mechanical  type  known  es  "Gummiband”,  worked  out  by 
Dr.  Ludwig  who  remained  at  Bleicherode#  One  of  hie  esdlatanta, 
hr«  Sichler,  is  her©.  Th©  otLör  ccmputing  device  is  an  elec« 
tri cal  System  vor ked  cut  by  Dr«  Eifere«  All  of  the  mechanical 
Computers  were  ir.adc  by  Ereiselgerate,  Berlin,  later  at  Mieder 
Spiegll  and  Büchner,  who  may  have  gone  to  Bleicher  cd  ©• 

An  outleal  infra-red  control  ayatem  of  the  beaa  elimbi ng 
type  for  Wasserfall  was  developed  by  Cr«  Weise,  the  woik  belng 
almost  entlrely  r,i&:^nesd-out,,  to  other  laboratorlea  and  seien« 
tific  Institution* •  It  la  belleved  that  thla  aystem  wea  near ly 
rcpdy  for  test*  Dr.  Metzer  dld  not  beließe  It  wculd  be  anceeaa 
ful  becruse  It  wculd  be  too  hard  to  keep  the  miaalle  ln  the 
r  error  eesrcMight  beam«  An  electrioal  aelf-oeeking  eysten  die 
rre  belng  prepered  by  Telefunken,  Blanpunkt,  and.  thafceichapoat 
tbe  rork  belng  coordlnated  by  Dr«  leies« 

Teatlng« 

A  four «channel  telemeterlng  ayatem  called  "Meaaina  I" 
wao  ueed  for  telemetering  gyro«data,  rudder  pealtion,  pressurea 
tempere turea,  and  ao  on* 

About  forty  roeketa  were  flred  altogather.  Many  exploded 
becauae  of  fallurea  in  the  prepulaion  unit,  partieularly  et 
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first,  but  thare  wer«  eeldom  any  fallures  whlch  wer©  attri- 
buteole  to  tir  control  equipment« 

Hcmework. 

Dr.  Xetsor  has  agraed  to  wrlte  a  sbort  Matory  of  tha 
Was seriell  project  and  to  have  it  re&äy  by  Mondey,  21  öay. 


Infcerrogation  of  Dr.  Theodor  Netzer. 

1*  Dr*  Netzer  äid  not  come  to  Karlshagen  untll  March  1944. 
What  he  did  prlor  to  that  time  ls  not  known*  He  said  he  had 
written  it  out  in  his  ^Lebenslauf H,  however,  no  copy  is  on 
file  in  our  office*  At  Karlshagen,  he  was  lmmedlately  as- 
signed  to  Wasserfall*  Slnce  he  arrived  rather  late,  he  oc- 
cupied  himself  primär ily  with  Organisation  and  planning 
rather  than  with  detaiied  englneering.  At  that  time,  he 
says,  the  technical  direct ion  came  fron  Dr.  von  Braun  and 
the  mllltary  direction  from  Obs.  Lt.  Dr.  Haider.  According 
to  Dr.  Netzer,  Wasserfall  was  the  only  really  high  speed  AA 
rocket  planned.  It  was  hsndled  by  a  special  group  at  Karls¬ 
hagen  and  partly  for  this  reason,  Dr*  Netzer  feit  that  lt 
suffered  somewhat  from  lack  of  Interest.  When  the  move  was 
ade  away  from  Karlshagen,  the  Wasserfall  group  was  estab- 
lished  in  a  carriage  shop  In  Ne^e  Bleicherode,  about  13  kn 
from  Bleicherode  proper. 

2.  General  Opera tlon«  Wasserfall. 

a.  It  was  planned  that  Wasserfall  should  have  a  maximum 
velocity  of  800  m/aec  but  the  hlghest  veloclty  actually  ob- 
tained  was  about  600  n^/aec.  The  maximum  angle  of  attaek 
wlthout  atalllng  or  Instabil ity  was  supposed  to  be  about  8° 
ln  the  auperaonlo  veloclty  reglon  and  lß  degrees  in  the  aüb- 
sortfc  reglon. 
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b*  The  rocket  la  fired  from  a  stationaxy  platform  of 
tubulär  constructlon,  arrangeö  wlth  wheela  so  as  to  be 
easlly  transportable  to  and  from  the  alte.  No  attempt  la 
sade  to  turn  the  launching  platror»  so  that  a  referenc©  llne 
points  toward  the  targetf  the  control  o f  the  rocket  la  sym- 
metrlcal  so  this  is  unnecessary.  The  trajectory  la  straight 
up  for  the  rirat  alx  aeconds  alter  launching.  The  rocket 
then  eoatea  under  the  control  of  a  computlng  syatetn  known  aa 
the  "Sin  linkrechn  er"  the  purpoae  of  which  is  to  bring  the 
rocket  into  the  line  of  sight  as  quickly  as  poaaible  wlthout 
causing  altltudes  in  exeesa  of  the  maximum .  The  altltude  ia 
oaleulated  at  all  tlaea  by  anotber  computlng  devlce  known  as 
the  ®T-Rechner*.  Durlng  the  final  part  of  tha  trajectory, 
the  control  is  ftline-of- sight w  tsrget  inforoation  being  ob- 
tained  either  by  radar  "«fursbsrg,  or  Mannheim),  or  by  special 
A.A.  theodolites.  The  rocket  is  controlled  by  an  operator, 
both  during  the  transltion  stage,  and  durlng  the  final  Stege, 
wfao  watehes  an  llluminated  spot  on  a  C.F.O.  tübs  and  moves 
*  "Joy-stick®  control  ln  auch  a  way  as  to  bring  the  spot  to 
the  lntersectioh  of  two  lines.  The  two  Computers  mentloned 
above  plus  s  "Para  1  lax  Rechner1*  transmlt  thelr  Information 
autonatlcally  into  the  System  so  the  operator fs  Job  is  qulte 
simple. 

c.  The  weloclty  of  the  rocket  rsachss  s  vslue  equal 
to  the  speed  of  sound  sbout  seventeen  aeconds  after  launeh- 
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Ing«  Shortly  before  tkis  point,  considerable  difficulty  is 
observed  wlth  control  instablllty»  Wasserfall  ls  seid  to 
hsve  an  excellent  aerodynamic  de sign  from  tfce  vlewpolnt  of 
©onstancy  of  centor  of  pressure  on  the  rudders. 

d.  Tha  dlraenalona,  welghta,  propuls Ion  data,  etc« 
glverr  ln  the  Osanbarg  filea  agreod  wlth  Dr.  Keteer’a  Infor¬ 
mation  wlth  the  exceptlon  that  Salhel  ls  uaed  lnatead  of 
liquid  oxygen,  tha  bum Ing  time  ls  42  seconda  rather  than  46 
and  that  Infra-red  homlng  haa  not  actually  baen  trled,  but 
only  propoaed» 

6«  Details  of  Control  Equipment« 

a.  Th©  ruddar  aervo  ls  a  Standard  hydrq-electrlc  unlt 
known  a s  K12 ,  also  used  on  th©  Ju  88,  bullt  by  Luftfahrt 
Gerat  Werke  (L»G»W*)  Berlin»  An  electrlc  aervo  ualng  a  600» 
800  watt  motor  wlth  a  three-atage  reductlon  gear  haa  baen  da 
signed  by  Dr.  Ing»  Nlcklea.  The  A-4  rudder  sarvo  motor  was 
not  uaed  because  lt  was  too  alow  and  too  waak»  Tha  Kit  was 
chosen  because  lt  was  avallable' in  large  numbara»  The  A-4 
w1ä1  sch  gerat"  ls  uaed  because  no  other  Standard  devlce  waa 
avallable«  lt  waa  hoped  that  a  speclally  dealgned  control 
eystem  mlght  be  uaed  on  a  aecond  modal  of  the  Wasserfall» 
Such*  a  ayatem,  conslderab ly  simpler  than  the  first  haa  beer 
worked  out  by  Dipl»  Ing»  Klein,  ualng  a  megnetlc  amplider« 
b»  The  apeclallats  on  the  ©v  er all  stablllty  Problem 
are  Dipl»  Ing»  Gelaaler  and  Dr»  Elfers» 
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c.  The  radio  control  prircipally  used- was  the  familiär 
Kachl-Strasburg  System,  also  used  on  the  ES  293.  A  few 
sample«  were  obtalned  of  a  new  aet  known  ae  the  "Brig^-Kozge", 
made  by  Tele  funken  et  Berlin,  and  later  ct  Sommerfeld  nesr 
Brealau.  Thls  «et  u«eo  a  tranam Itter  having  the  code  neme 
"Kran"  and  a  recelver  almply  "Brigg",  ör"Brigg-i\ozge" .  Thls 
radio  System,  Dr.  Netzer  belle ves,  was  to  be  used  qulte 
general ly  es  aoon  as  1t  could  be  put  in  produc ticn.  It 
operated  on  the  same  princlple  as  tue  Btrasburg-Kachl,  but 
used  a  wavelength  of  about  60  ca.  and  was  harder  to  Jam  be- 
cause  the  frequeney  eould  be  varled.  Accordlng  to  Er.  Netzer, 
“Kran*  penslts  trän  aal  seien  in  3  channel «  eimultaneously . 
(Information  later  obtalned  from  Dr.  Wurster  of  Messerschmidt 
Indlcates  ih»  t  "Kran"  transmlts  four  slmultaneous  audio  tones 
for  Controlling  four  fuctiona,  and  can  be  easlly  adjusted  to 
any  one  of  twelwe  different  carrier*  -frequencles)  •  Dipl.  Ing. 
Walther,  a  high  official,  who  ramained  in  Hohenpe iaenberg,  ia 
reported  to  know  all  about  thls • 

d.  The  radar  sets  used  for  obtalnlng  llne  of  slght  ln* 
formst  Ion  were  eit  her  Wurzberg  or  Mannheim,  usually  the  lat- 
ter.  Centlmeter  types  of  radar  were  beglrmlng,  but  hsd  never 
been  uaed.  The  aecuracy  ob  talnable  with  the  Mannheim  la 
about  l/lO  degree  probable  error  when  not  Jamroed  by  "window" 
or  other  counter  measures. 

e.  The  transltlon  Computer,  "Elnlinkrechner"  hed  two 
forma.  One  was  a  machen leal  type  known  aa  "Gummiband n. 
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worked  out  by  Dr*  Ludwig. who  remiined  at  Blelcberode*  One 
of  hla  aeaiatanta,  Er*  Hehler,  la  here*  _2he  other  Com¬ 
puting  device  is  an  electrica'l  syatem  worked  out  by  Br* 
Blfers*  All  of  the  mechanlcal  Computers  wer©  made  by 
Kraiselgerate;  Berlin,  later  at  Nieder  Gpiegll  and  Buchnen, 
who  may  Iiave  gone  to  Bleicherode* 

f*  An  optical  infra-red  control  System  of  the  beam 
climbing  type  for  Wasserfall  was  developed  by  Er*  Weis«,  the 
work  beir^  almost  entirely  "farmed-out "  to  other  laboratorlea 
and  scientific  Institutlcns*  It  is  believed  that  this  syst«B 
was  nearly  ready  for  test  •  Dr*  Netzer  did  not  believe  it 
would  be  successful  because  it  would  be  too  hard  to  keep  the 
mlsslle  in  the  narrow  searchlight  beam*  An  electrical  seif¬ 
te  eking  System  also  was  being  prepared  by  Telefunken,  Blan- 
punkt,  and  the  Reichspost,  the  work  being  coordinated  by  Dr* 
Weiaa* 

4*  Tasting* 

a*  A  f our-channel  teleaetering  ayatem  called  "Messina 
Itt  waa  uaed  for  telemetering  gyro-data,  rudder  Position, 
pressurea,  temperatu res,  and  ao  on.  About  forty  recket? 
wäre  fired  altogether*  Ifany  exploded  because  of  fai Iure#  in 
the  propulalon  unit,  particularly  at  first,  but  there  wäre 
aeldom  any  failurea  which  wäre  attributäbl#  to  the  oontrol 
equipment  • 


Interriewed  18  Hey  1946* 
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RADIO  CONTROL  0.  AS3ERFALL 


INT EKROGATION  CF  DR»  Ketzer  &  Dipl  Ing  Walter , 

By  S/L  Sharp©  and  F/Lt  Stokes, 

Th©  f light  of  Wasserfall  can  be  divided  into  three  parts: 

(1)  From  launch  to  the  point  of  entry  into  the  Radar  Beam, 

(2)  Line  of  sight  control  up  the  beam  which  is  kept  directed  at 
th©  target, 

(3)  The  final  stage  during  which  control  is  transfered  from  the  ground 
to  &  homing  device  in  the  missiles, 

It  wasstated  by  Dr,  Netzer  that  space  had  been  leftin  the  nose  of 
the  rocket  for  th©  homing  equipmentbut  as  yet  hxdxkxn  none  had  been 
fitted,  However,  th©  use  of  homing  was  very  disArable  as  it  reduced 
th©  possibility  of  Jamming  by  a  transmitter  carried  on  the  target 
aircraft. 

Velocity  during  flight 

The  duration  of  flight  during  which  control  could  be  exercised  on  the 
rocket  was  between  70  and  90  seconds,  depending  on  the  type,  Of  this 
time  th©  fuel  cnljr  laste  for  from  40  to  45  seconds,  After  launch  the 
velocity  rises  until  after  18  seconds  the  velocity  reaches  the  super- 
sonic  region,  After  the  fuel  is  exhausted  the  speed  drops  until  at 
aaximu«  usable  ränge  the  apeed  drops  ähkXXXXX  to  280  mph.  Above  this 
speed  radio  control  cannot  be  used  for  aerodynamic  reasons  and  also  the 
speed  is  not  sufficiently  in  excess  of  that  of  th©  target  aircraft  to 
permit  effective  attack, 

Aiming  and  firing 

Two  Würtzberg  Radar  sets  are  used  one  of  which  is  used  to  track  the 
target  aircraft  and  the  other  to  track  the  rocket.  On  the  approach  of 
an  aircraft  likely  to  present  a  suitable  target  it  is  picked  up  by 
th©  appropriat©  Radar  sets  and  itscourse  plotted. 

The  term  "Treff bereich”  is  used  to  describe  the  surface  enclosing  t 
the  volume  in  which  the  aircraft  must  be  at  the  instant  of  firing  of 
the  rocket  if  a  hit  is  to  be  possible. 

Tables  were  being  complied  in  Berlin  from  which  the  instant  of 
firing  could  be  obtained  from  measurements  of  aircraft  course,height, 
speedy  etc,  Ällowance  is  made  by  the  commander  of  the  site  for  the 
partfccular  conditions  existing  during  any  attack, 

MBTHOD  OF  CONTROL 


Fully  automatic  control  had  been  considered  and  would  be  desirable 
but  so  fax  were  based  on  control  by  an  operator# 

Th©  angular  bearings  from  the  two  Radar  sets  are  transmitted  by  a 
remote  indicating  System  in  general  use  for  other  purposes.  These 
two  bearing  indications  are  to  be  displayed  on  a  single  cathod©  ray 
tub©o  Th©  target  aircraft  is  represented  by  a  spot  at  the  centre  of  t 
he  tub©  face,  The  bearing  of  the  rocket  relative  to  the  target  is 
mdicated  by  a  spot,  the  Position  of  which  indicates  the  course 


error  in  two  axes.  _ 

The  reading  on  this  tube  is  an  indication  of  bearing  error.  No 
correction  is  made  to  the  scale  of  the  display  to  make  allowance  for 
Change  in  ränge.  >rh©  scale  of  the  display  is  therefore  constantly 
changing#  400 


The  conditions  of  control  are  also  varying  due  tochanges  in  the  width 
of  the  Radar  beam  and  also  to  the  speed  of  the  rocket  and  to  atmospheric 
conditions  etc«  The  control  is  also  complicated  by  the  fact  that  it 
is  arragged  that  the  rudders  in  the  gas  stream  should  be  either  jettisog^ 

or  be  made  of  wood  andso  burn  off  after  about  the  first  12  seconds  of 
f light. Dipl  Ing  Walter  had  been  given  the  problem  of  designing  the 
apparatus  to  provide  a  variable  gearing  between  the  control  joy  stick 
and  the  rate  of  turn  produced  on  the  rocket  to  make  allowance  for  the 
above  changing  conditions.  It  was  proposed  to  do  this  by  a  timed  cam 
arrangement  operating  a  Potentiometer  Controlling  the  modulation  of 
the  ground  transmitter.  However  the  design  had  not  progressed  very  far 
and  the  conditions  for  which  he  had  to  design  had  as  yet  not  been 
definitly  stated. 

The  operator  used  a  joy  stick  type  of  control*  Düring  the  f light 
he  assumed  that  the  display  «kamid  showed  the  relative  positions  of 
target  and  rocket  to  a  fixed  scale.  No  rate  term  was  introduced  auto- 
matically  into  the  control  System  and  the  damping  was  introduced  by 
anticipation  on  the  part  of  the  operator. 

The  signalling  System  used  was  a  modified  Version  of  the  Kaeh¬ 
lger&te  used  in  the  F  X  1400  and  H  S  293.  Two  apirs  of  audio  frequency 
tones  are  used,  one  pair  for  azimuth  and  the  other  pair  for  elevation 
control.  Sach  pair  of  tones  is  keyed  at  a  rate  between  20  and  25  cycles 
per  second  in  the  manne r  of  "Mark-Space”  keying.A  50%  mark  space  ratio 
corresponds  tostraight,  100%  of  one  tone  represents  maximum  rate  of 
tum  in  one  direct ion  and  100%  of  the  other  tone  represents  maximum 
rate  of  turn  in  the  other  direction.  Intermediate  ratio  provide 
variable  rates  of  turn* 

The  keying  is  operated  by  a  motor  driven  di vice  and  that  keying 
ratio  is  determined  by  the  left  of  a  cam  which  can  be  varied  by  the 
Position  of  the  ^oy-stick  Controller# 

.  The  modulating  oscillators  and  the  transmitter  are  the  same  as 
those  used  for  the  Kaehlger&acte .  The  radio  frequency  used  is  approximajj. 

*£5* MC/S.  A  simple  dipole  aerial  is  used. 

The  reciever  is  identical  to  that  üsed  in  the  Kaehlger&te.  In 
this  receiver  the  four  modulation  frequencies  are  separated  by  ö 
filters,  rectif ied . and  arranged  to  operate  poparised  relays«  These  two 
relays  will  therefore  key  at  20  cycles  per  second  with  mark-space 
ratio  depending  on  the  Signals  arriving  on  the  azimuth  and  elevation 
control  channels.  A  fixed  DC  volts  keyed  by  these  relays  is  fed  into 
a  unit  known  as  the  Zustazger&nte •  This  unit  contains  rectif  iers  and 
filter  circuits  and  provide  smoothed  DC  Signals  öf  amplitude  corres- 
ponding  to  Signals  on  the  control  channels. 

AERIALS  ON  WASSERFALL 

Metal  strips  mounted  on  the  trailing  Ünsulated  edges  of  the 
rudders  are  used.  These  are  of  similar  design  to  those  used  on 
the  A4. 

NM  RADIO  CONTROL  SYSTEM  TO  BE  USKD  IN  .WASSERFALL 

New  equipment  both  for  the  rocket  and  on  the  ground  was  being 
developed  by  Telf unken.  This  operated  on  a  wavelength  of  20  to  23  cms# 
This  equipment(  known  as  either  Kram-Brigg  or  Kahn-Brigg)  is  more 
fully  described  in  a  report  on  the  interrogation  of  Dr.  Leo  Brandt 
and  Dr.  Paul  Kotowski  of  Telf  unken. 

This  equipment  used  the  same  control  System  as  the  Kaehlger&te. 
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However  due  to  the  much  higher  Radio  frequency  used  advantage  can  be 
taken  of  the  use  of  very  directional  aerials  thus  reducing  the 
possibility  of  jamming. 

The  aerial  on  the  ground  equipment  consists  of  a  dipole  with 
parabolic  reflector  which  is  mounted  on  the  side  of  the  mirror  of 
the  Radar  set  which  is  tracking  the  rocket,  fhis  arrangement  allows 
a  very  narrow  beam  to  be  used.  This  increases  the  field  strength  at 
the  receiver  thus  permitting  the  use  of  a  reciever  of  low  sensitivity. 
A  directional  aerial  will  also  be  used  on  the  rocket  but  the  design 
of  this  is  not  yet  known. 
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CICvl  trip  183  Group  11  -  Copy  of  roport  given  to  Group  1 


Iriterrogation  of  Dipl. Ing«  von  Ottenthal  at  Innabruck,  6th  June 

1945 . 


Interrngated  by  S/Ldr.  Sharp©.  R.A.K. 

Bub.1ect  nF  Interrogetion  "Victoria  leltzatrahl"  control  ayatem 

for  V.g«"~ 

Dipl.  Ing.  von  Ottenthal  gsve  th©  folioiving  description 
of  the  ground  ©quipment  of  "Victoria  Leltzatrahl"  ©quipment 
used  for  th©  ateorlng  control  of  V.2. 


AE  RIAL  AERIAL  MATCH  ING  ATRIAL  MATCHIN6 


A  block  diagram  of  the  ground  ayatem  ia  ahown  above«  The  aya¬ 
tem  worked  on  a  frequency  of  42mc/a.  The  three  aerlal  ayatems 
were  the  aarne  and  each  conaiated  of  a  dlpole  0.44  long  with 
a  reflector  of  the  aarne  length  apaced  quarter  wavelength  from 
it.  The  aeriala  were  mounted  at  on©  wavelength  above  the  ground« 
The  dlatance  between  the  outer  aeriala  waa  20  •  Th©  tranamlt- 

ter  uaed  waa  the  Lorenz  600  wett  Blind  approach  tranamltter 
type  A.S.I. 
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Dlagrem  of  Buotor  driven  capaclty  awltch 

Th©  motor  drivea  th©  capaclty  awltch  at  3000  r.p.a.  and  glvea 
©quäl  open  and  cloaed  perloda,  On  the  motor  aplndl©  a  com- 
mutator  la  mounted  arranged  to  awltch  th©  tranamitter  Modu¬ 
lation  frequency,  Thla  frequency  waa  open  and  5000  c/s  during 
the  perlod  for  whlch  it  waa  cloaed, 

The  phaae  Modulation  produced  a  b©am  awing  of  1 % 

The  heam  width  ia  deflned  by  Iorenz  aa  the  angle  betfeen  the 
two  polnta  at  whlch  th©  V5000  s-1.05.  For  the  Victoria  Leitz- 
V7ÖÖ0 

atrahl  ayatem  thla  angle  was  1  sec.ond  of  arö. 
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The  system  shown  in  disgram  (a)  wa»  the  one  that  waa  used  al- 
though  it  had  the  diaadventage  of  being  frequency  sensitive. 
The  System  shown  ln  diagram  (b)  was  not  so  sensitive  to  fre¬ 
quency  Variation.  This  was  a  later  design  (Lorenz)  but  only 
an  experimental  model  was  constructed. 


Inatallat Ion  of  system 

Lorenz  enylneers  had  lnstalled  the  system  at  feenemünde  in  1941 
and  had  carrled  out  teste  with  an  aircraft.  Dr  Stienhoff  of 
Peenemünde  was  the  pllot. 


Monitoring 


In  order  to  malntein  the  direct ional  accuracy  required  of  the 
System  ccntinuous  monltoring  was  necessary.  A  receiver  similar 
to  the  aircraft  equipment  was  installed  on  an  Island  off  the 
coast  (about  6  Kras)  on  the  centre  line  of  the  beam.  Steady 
reading  meter  indicatlons  from  this  equipment  were  sent  back 
to  the  transmitter  site  first  over  a  decimeter  radio  link  and 
later  over  a  submarine  cabl*.  These  indicatlons  were  displayed  on 
a  centre  zero  meter  and  an  operator  kept  this  meter  on  zero 
by  adjustlng  the  beam  centrallslng  knob,  oontrolllng  the  phase 
balknce  to  the  outside  dipoles. 

In  order  to  obtain  correct  phaslng  of  the  aerlal  Systems  cor- 
rect  feeder  lengths  had  to  be  used.  Also  ar  the  phase  Modu¬ 
lator  Circuit  had  to  be  resonant  the  System  could  only  be 
worked  et  one  Radio  Frequency. 


Karl  Reilman 

Age  26.  Engineering  school  Bad  Frankelhau^en  (not  diploma). 
Left  school  Nov.  1939«  Went  to  Army;  later  Peenemünde  4.I.1940 
Test  Engineer  on  A-4  and  C-2  (Wasserfall)  on  the  svme  test  stsnd 
w  s  Taifun. 


TAIFUN 


10  cms  dia.  2meters  long.  Fuels  Visol  and  Nitric.  On  test  bed 
h2  expuls ion  but  in  f light  done  by  powder.  Whole  Operation 
2  or  3  seconds.  Flight  tests.  No  cooling  of  the  combustion  chamber. 
Tewted  statically*  Thrust  readings  were  taken  by  means.of  a  hydraulic 
piston. 

ßeilman  then  drew  a  diagram  of  the  TAIFUN  showing  powder 
cartridg©  nd  ’the  bursting  diaphragms  which  are  situated  at  either 
end  of  the  acid  Container  which  itself  is  crontained  in  the  fuel  tanks 



A&CP 
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(kur»i»ch- Partenkirchen 
May  19  1945. 


Interview  with  Kurt  Patt« 


Wasreoently  since  September  1943  occupied  with  the  Supervision  of  the 

cone  truction  of  wie  “Wasserfall"  body,  war  hoad,  propuls  ive  power  Installation 

and  control  gadgets«  After  theoretical  stress  analysis,  raodel  teste  were  »ade« 

All  tests  ma:o  were  st&tic  in  natura. 

Greafcest  diffieuities  were  enccuntered  with  acid  proofing  the  "Wasserfall"  devlee« 
(Patt  does  jjc.t  know  exactly  what  the  "Saureabtragung"  *  yearly  wear  of  the 
materials  In  contact  with  mixed  acid  was). 

Preasurizaticn  prcblemc  &t  great  accelarations  of  the  de  vice  also  caused  sooe 
trouble. 

1933*43  Patt  worked  on  the  A4  in  a  similar  capaci  ty  as  above. 

A  nu^bor  of  fallures  of  the  V2  were  caused  in  particular  by  insuffioient 
strength  of  the  mountings  of  the  propellant  tanks  which  were  very  thin  (Im*  1.5 


Zelle ribruche  (fallures  of  the  outer  f’hell)  were  also  quite  frequent  at  the 
beginning. 

Mount Ing  of  tho  graphite  rudders  cause  relatively  llttle  trouble« 
Tightening  of  the  feed  System  was  not  too  difficult« 

(  "Dehnung»  sicken"  • 

flexure  Joints  Lad  fco  be  watched  to  guard  agalnst  ruptures)« 

( Schema tic  drawing  of  the  teet  installatlons  for  A4  will  be  supplied  by 
Mr«  Zoike) . 

1930-1936  Mr«  Patt  worked  Orenstoin  und  Koppel,  Waggonfrabrik,  Berlin» 
(Mainly  work  on  hydraulic  and  pneumatic  brakes) 
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Ing.  JKurt  Patt 


16/ n. 4H 


Qareer 

I  was  born  on  the  18/3/13  in  Berlin.  At  the  age  of  14  I  grad- 
u&ted  from  the  7ßrd  Publno  Bohool  in  Berlin,  and  began  serviii.: 
m  an  apprentioe  in  Teohnieal  Drawing,  from  i/h/27  to  31  /u/bO, 
at  the  Waggon  Building  firm  of  Orenstein  and  Kappel,  Berlin. 

Düring  ®y  apnrentioeship  I  attended  the  trade  sohool  for  Aetal  v:ork 
«od  toofc  ©rening  oourses  in  Aathematios,  Electricity,  Physios, 
and  deserlptive  Geometry,  elfter  the  oonolusion  of  my  apprentioeship , 
tj  4/ <"50 1  I  began  werkln*  as  a  tedhnioal  employee  and  v/orked  as  a 
Dr&ftan&n^  detail  de  eigner,  and  designer  of  truoks,  large  oontainer 
tmolps,  and  automatio  unloading  truoks  until  11/5/36 • 

WTQM  1/lDföQ  untilX  1/4/30  I  attended  and  ;raduated  from 
mmn ihg  ©lasses  ©f  maehine  ©onstruotion  in  Berlin.  On  15/5/36 
1  ehanged  oy  Job  and  went  to  the  Ernst  Heinkel  Airoraft  orks 
mm  m  designer.  In  Sept  1936  I  got  married.  In  Bov  1937  and  in  Aay 
1940  ©wr  shlldron  Peter  and  Jürgen  were  born.  Imraediately  on 
tmking  ©Ter  my  new  Job,  my  firm  plaoed  me  <at  the  disposal  of  the 
Aray-weapens  seetion»  at  the  firixig  ränge,  Kummer  sdorf,  v/hioh  ^as 
ander  the  dlreotion  of  Dp.  Von  Brunn,  and  worked  in  the  "R -Gebiet” • 

I  als©  worked  in  the  designing  bureau  under  Herr  Riedel,  as  a 
designer  and  Independent  de  sign  asaisting  ln  the  development 

R -Tanke  a©&  valve  design  for  assisted  take-off  dovioea,  as  v/ell 
as  th#  airframe  design  for  the  a- 3  apparatus.  In  adddtion  to 
this  were  deslgne  for  testlng  benohes  and  projeots  on 
oaloulatlng  trajeotorle©  (.uine  of  f light)  for  long  ränge  apparatus, 
whieh  were  to  serre  as  th©  basio  fundamontais  for  the  a- 4. 

On  May  15,  1937  I  was  requested  by  the  ihqjerimentul 


■Station»  ^eonemu  de  und  begun  nv  dutie3  there  öfter  a  large  port 
oi  ohe  p'er  sonne  1  from  Kummer adori  had  also  been  moved  to  Beenaun&o • 

As  group  and  raain  group  ohief  I  was  put  in  oharge  of  airfrome 
design  of  the  n-5  as  well  as  the  planning  oi'  the  oomplete 
details  of  master  deaigns  for  the  a~4.  Thia  inoluded  also  the 
estimatlon  of  fual  oompaoity.  Begin  ing  Keb  194B»  I  worked  on  the 
airframe  oon3truotion  and  the  ooraprehensive  desigping  for  all  the 
A-4  apparatu3#  _s  co -Yorkers  X  had  at  my  disposal»  Group  Leader 
Dipl  Ing  ^arzek,  Dipl  Ing  Palm  and  Ing  Kroll  with  their 
respective  atufl's* 

In  Sept  1945,  as  the  A-4  was  in  its  finiahing  3tages,  I 
was  oontraoted  to  vork  as  section  leader  for  the  development  and 
design  of  the  apparatus  l,\a33eTfall,i  (  *ater£all>.  Thia  projeorfe 
was  for  raaas  .producti  oa  at  the  begin  dng  of  1945. 

ns  oo-workers  I  had  at  my  aisposai  ~the  following,  Herrn  iirazeic* 
Bedurfte  ,  Palm,  Osf. »Kroger»  Burose,  Giese,  uaten,  Holderer  and 
Ko‘*  ,  «  hile  working  at  the  apparatus  "W",  it  was  found  that 
it  was  ooiistruoted  soraewhat  srnaller»  a  definite  reduotlon  in 
oo$f-'  Option  was»  achieved»  while  ..laintaining  the  same  performazU^. 

«ne  workers  on  this  apparatus  went  as  far  as  the  final  de  sign 
etago  but  were  interrupted  on  aooount  of  oUr  moving 
careefr  -  Index 

Born:  18  laroh  1913»  Berlin 

Einished  Sohool:  31  'iaroh  19  B  7 

npprentioe:  1  May  1927-31  Aar  1930 

Trade  Gohool  and  Courses:  1  _*äy  1937-üaroh  31  f  1930 

Designer  at  firm  where  apprentioeship  was  taken;  1  April  1930-Hay  •SS 

maohine  oonetruotion  sehool:  1  Oot  1930  -  6  M&roh  1936 

Designer  at  Ernst  Heinkel:  15  :.tay  1936  -  14  _aay  1937 
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Began  work  at  Peenemünde:  15  Ilay  1937 
örou±>  Leader:  iiay  1936 
Hain  Group  Leader:  ilay  1940 
Seotlon  Leader :  Beginnlng  August  1942. 
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1  f  x1  a IROGüflüP  OF  DR»  fiLi 

:;i  Dp*  .v.  o'. lar-e  on  20  Lay  1945. 

j'y3  _  wurpose  of  the  interrogation  v/as  to  obtain  Information  on 
mxfrn  La  eguipmont  and  general  Indra  Red  development  in  Germany. 

Dr.  Ros^fitkal  detailed  iiis  care  er  and  his  connections  with  Infra 
L.-i  o  He  carried  out  two  yaars  ox  research  between  1934  and  1936 
i-a  :: -a  Jo  an  Mo,  kins  University  at  Baltimore  U!S.^.  2e  there  carried 
out  eneral  optical  research  involving  Infra  Red«, 

-1--1  133:-  Dr.  Rosenthal  returned  to  Germany  and  started  at  Dresden 
j mori-rof  •  L'oj.-aschak.  Me  carried  out  inve stiga tions  into  the 
cat-.litic  action  of  pKosphons,  tue  aim  being  to  obtain  a  relation 
J3r  ;e3ii  the  condition  of  the  phospors  and  the  Spectrum  In  the  Infra 
Red  repion*. 

In  193 9  he  beca:  e  an  assistant  to  Prof.  Beck  at  the  Institute 
of  jiuto:.  ob ile^  Engineering  in  Dresden.  He  was  here  engnged  in  the 
casure.  ent  of  fla  e  Gern  eratures  in  internal  combustion  engines 
in  connectlon  ritli  /orl  by  arof.  3eck  on  anti-fcnock  fuels. 

Dr.  >0 senthal  as  callöd  up  for  the  army  in  Sept.  1939  but  was 
released  a  h  i  l.i  Dec.  1339.  .vhen  he  returned  to  the  Institute  of 
Äuho  ooile  Jngi ne erlüg  in  Dresden.  He  then  carried  out  work  still 
uador  rox.  -’eck,  o  i  the  detailed  design  of  the  burners  and  combustion 
C’-  ber  of  the  4.  He  carried  out  tests  with  water  cooled  probes 
to  trice  the  course  of  the  Chemical  reactions  in  different  pjscrts 
of  tl.e  fl:-,  e. 

xroi.  hc.c  ,  ;.~3  cvll  xd  to  a  Job  in  Berlin  in  Seit.  1940  and  the 
AOz?  .  :„t  Dresden  ca-  e  to  an  end. 

br.  io senthal  then  Joined  the  optical  firm  of  Seitz  at  .Vetzlen. 

7°  IJ  -rr  • 'Ith  wo-?-.-  on  general  optical  instrunents,  he  was  here  involved 
x  .  Hie  desi  :n  of  Infra  Red  1 elescopes,f or  German  Air  Force  and  Army 
use.  f..ie  parts  of  this  eouipment  peculiar  to  Infra  Red, eg.  the 
phlorescont  ecre&n,  were  designed  and  produced  by  A.3.G.  under 
Dr •  B  c haf fern 1 c ht . 

h-eita  develo;  öd  and  ycoduced  the  lenses  and  the  mechanical  parts 
such  as.  the  bube,  moui.Ltii.ips,  focusing  ar  angements  etc.  Leitz  assembled 
and  delxvered  the  conplcte  telescoues.  fliese  were  made  in  a  large 
vuriety  of  sizes.  fliese  telescopes  were  tlie  only  Infra  Red  ecuipment 
*Aith  'flieh  Leitz 
wäre  concernedl 

Dr.  Ro senthal  was  called  again  to  the  Army  in  1942  and  went 
to  Russia.  He  acted  as  an  ordinary  Infajgtry  man  until  Lay  1943 ,  when 
/tfib.tout  v/arnin.p  jig  ;«as  called  to  leenemÖnde.He  first  worked  on  the 
design  of  the  co  bustion  System  of  the  n  4.  In  this  work  he  acted 
as  a  theoee  tical  physicist.  However  due  to  his  preference  for  optical 
vorx  ne  v/as  transfered  to  a  Dr.  Weiss  section  to  do  work  on  homing 
Systems. 

^  homing  syste,.  had  been  developed  but  as  this  was  the  respon- 
sibility  of  Dr  iVeiss  he  would  prefer  that  Dr  .Veiss  shoxild  talk  about 
Lt.  fhey  were  proposinp  to  use  normal  typ cs  of  photo  cells  for  Infra 
Red  deteebion.  'fhey  had  ourcliased  cells  from  Zeiss  of  Dresden*  fhey- 
,  had  not  usem  Bolometers  as  they  were  considered  to  be  too  delic.ate  for 
use  ip  a  roexot  were  it  v/as  exposed  to  severe  Vibration. 
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L  IvRlu^llGf  Oh*  x).?. 

A  ther.:.opii.e  ha,-.:  b een  considered  .öut  ifc.  as  not  possible  to  des-L^n 
one  tiiat  had  a  fast  enouah  response,  rliv.  photoelectric  cell  used** 
was  of  tae  lead  sulpiiide  type. 

Dr.  dosenthal  v/as  also  involved  in  tne  desinn  of  tne  opbical 
a-n;aiiaer:dn  s  for  t  e  airiirp  of  A4  oa  jhe  launchin^.  platform. 

lt  anpeers  trat  Dr«  tosen thal  nah  had  several  yea  s  enperienco 
in  che  use  of  infra  .Ked.  Althou  jli  he  ‘:nn  fiat  &  lot  of  v/oin  on 
Infra  :led  was  in  i,ro  press  in  Ger:,  any  Zia  had  ns  contact  /ich  lt 
outside  the  PeenenCnde  Group. 
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Blography  of  Pr«  Eng»  Martin  Schilling 


1.  Domes tlc  Partlculara: 

Born  October  lat  1911  ln  Hoerde,  Westfalen,  tba  son  of  a 
clty  bullding  eng ine er,  Fritz  Schilling*  ‘  After  llving  ln  Waat* 
falen  untll  1930,  than  moved  to  Hannover*  In  1930,  married 
Annallasa  Lang#*  Two  chlldren  wäre  born,  Gerd  and  Hartmut, 
who  ara  llving,  at  preeant,  ln  Khesahack,  Dlatrlct  Gifhorn» 

2*  Educatlon* 

Artend ad  tha  9  grada  aaconda ry  achool  at  Dortmund  Hoarda» 
ßraduated  1930*  Wcnt  to  a  Technical  High  School  in  Bannovar 
to  study  physlcs.  Hecalved  dlploma  thera  in  Octobar  1934 
wlth  high  honora*  Aftar  ona  yaa r  of  mllltary  aarvlca,  eontinuad 
studla»  aa  candldate  for  doetor*a  dagraa  and  aaaiatant  to  Prof» 
Haaa,  tha  Professor  of  tha  Technical  High  School  at  Hannover, 
speclallzlng  ln  hast  meaawring  technlquea  and  taohnleal  phyalds* 
Docfcor'e  dagraa  December  1937«  Orada  of  examlnatlont  Vary 
Good*  Special  Izad  ln  tha  fall  erringt  Hanau  rat  Ion  of  heat,  aa« 
pecially  optlcal  pyromatrlea,  optica,  industrial  raanauratlon 
and  practloal  mathematics* 

3*  Occupatlonal  Practica» 

Düring  hla  tlma  aa  aaaiatant  fron  1933  to  1937,  aarrlad 
out  Important  work  for  induatrial  vorka  of  Chemical  product Ion 
and  light Ing  teohnlque*  On  January  1,  1938,  ha  baeama  work 
manager  and  mambar  of  tba  buainesa  management  of  tha  Pyro  Harke, 
Ombh,  Hannover,  apaclal  factory  for  Pyrometer  conatruotlona* 
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0®hh,  Hannover,  special  factory  fcr  Pyrometer  conatructiona. 
(Speele  1  Plelda  ©f  werk  ln  the  tempere  ture  regulet  Ion  technlque 
optleel  pyroreetry,  erd  eepeclally  tempere ture  measurements.} 
Werkcd  ln  conjunctlon  wlth  tbe  Kaiser  Wilhelm  Institute  Tor 
Iren  Research,  German  IronMlnes  peraonnel  et  Düsseldorf,  Pro- 
fessor  Rummel  and  Dr.  Guthraann,  aa  veil  aa  Dr.  Maser  of  the 
Gerwen  Condulta  Woska.  At  the  outhreak  of  war,  put  in  the  re- 
plaeemeat  fercee.  Oa  December  1,  1939,  vas  deferred  for  pro- 
Jeeta  at  feenemuade.  Besame  Superintendent  for  the  pover  unlta 
2h  1941,  took  ©vor  all  pover  teste  of  the  latest  development# 
ef  reeketa#  Qm  September  1,  1943,  after  the  eompletlon  of  the 
vesk  depaftment,  besame  dlrector  of  the  teatlng  dept.  and  ln 
additlon  vas  the  inapeetor  of  all  the  parta  of  A-4  made  by  sub- 
sldlary.  Test  Ing  equipraent  for  aerlea  product  Ion  of  the  A-4 
vas  being  planned  by  specialis ta  from  their  ovn  p er sonne 1« 

The  aasoelstlon  vlth  almilar  placea  in  Germsny,  in  par¬ 
tieul  sr  testlag  grounds,  vas  compsrstlvely  small  es  their  Im¬ 
port  ance  both  quantltatlvely  and  qualitativ« ly  vas  Inferior  to 
the  Install« t leas  ef  Karlahagen. 

A  plan  foreed  the  development s  of  the  different  type  flak 
roekets  te  be  put  at  uae  at  Karlshag ener  experimental  Station. 
The  time  thea  eame  to  move  the  Siek tromeohsal sehe.  On  Peb.  5, 
1945,  tbey  eeased  to  vork.  In  the  fev  veeka  befere  the  oecu- 
patlea,  it  vss  laposslble  to  set  up  an  experlment  plant  at  the 
nev  area  at  Bleloherede  and  Lehesten. 

Signedt  Martin  Schilling. 
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ASiTIli 


^CiHIUjIKG  c  ».  . 


Interview*  by  H.A.I..  O.T.G.,  1.1,  B.A.3.  Ganalseh  ÄQ 
llay  1945,  l^€  53.  XJootor  of  Aa^ncerlng  19  7  f  T®«h.  High 

lühjül,  HaBOT^r.  üforked  for  Pirororlce,  toqp.  »©.iaureiaenfe  to 
,aifr»ubo  Xj-.  y,  v,^io  to  .vrmy  SO  I.-ovas&cr  1959  fco  H.JU?»11  00 
1  D^ao^fc^r  1959.  ßuaahargod  fron  ariay* 

J-Je^un  a»  leider  of  fficamsrcncnts  group  then  later  Seod  cf 

hxperibe:  >tul  Oeotlwn  in  öh&rg«  of  all  ©xperitaente* 

»urked  on  A4-  A  5  (bud  e^alsibu 
Taifun  (50  icilo  all  up7 


Taifun  uccmI  131  i‘or  expulaion  0x1  'tu©  tuafc  otundo  laut 
v Ar io na  utü'tridßte  7e;t  tri cd.  i:o  defirüLtu  dooiaion  ns  to 
vhieh  üae  b©Bt.  Tbruöt  7CG  to  ÖOO  up  to  10C0  hi  io.  lio  aooldaate 
VA  tii  nitrier*  öfcHeved  he  ^ouid  use  the  saue  fuels  ae  for 

.»ail»  iiot  uuoL  diffirenee  t&twecu  Tlsel  &  Cptelene.  Hefter 
n &mk  K&QE  In  Lhcac  uevieuu. 

a  4  4.0  gsaa/kiio  35©o  *  85,-  of  theory  EXQQ  ja/seo 

(  i>©at  on  A  4  ©quäle  4.6  ©s/fclle  ml 

yiAOl  &  aoid  ©quäle  5*3  gme/kllo  seo* 

TU®  vni'iüuB  i'uulü  ust#d  ^Ith  H3fo2  only  E&de  a  Alfter ©nee  of  plus 
or  i*inus  0*1  gcss/kllo  cee*  TU©  oooling  aloohol  (surfae©  only 
nahe*  a  Oilferenofc  of  to  3,.  ln  the  thrusb* 

IsrnstelX 

S&&M  9yIMI,fu?JL^ar.iy5.U» 

üiffertmee  of  upinion  ln  anull  roekets  doeaa’t  mtter# 
ln  large  rooJMte  found  goa£  proeedur©  for  the  aold  to  oom  first* 

timim  Aooioraqyt 

Somüfcimes  aa  auch  as  l  000»  dlfferenoe  ln  timing*  .leid  la 
the  ahortest  puth  iuoludirii;  tho  coli  ooafcustlon  ohajobür  1700  to 
1900  0«  (On  a  4  alTTaya  the  0ft  to  oome  first  ln  ardsr  to 

eetabli oh  etea&y  florr, 

IftLSa  67924 

venturi  of  m  11  Steel»  Gold  u*e  the  mm&  Yeaturl  for  5 
**ns*  tuen  renow.  feap«  of  veaturl  at  end  cf  S  eeee»  *.  to  900 
or  400  0*  Thur  et  «eaaurod  <th  ©oll  flttlng  hyftnmUo  pleton 

about  £  ans  ln  &lu» 
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lalgrnyr  gjth  HoVaut^  ~oh£ld. 


1*  3ia»e  1941 1  Dr.  ^chnild  *m&  oooupiod  .ith  the  ojtioil  sur~ 
^ey  öf  the  orlits  o  i.  the  T£  and  vdth  ^oodetio  aurveya  for  pur— 
peses  of  tan r  plant  instn!  lat  Ions*  "e  also  dotorninod  tho  in- 
etant&neous  loostlon  of  airplaiiös  ror  tho  pirrpose  of  ehee'ri.i 
data  vfoloh  «er«  ebtained  '-ith  etostrioal  -otliods. 

Q&ULoal_ "unre j&m  oorap loses  of  Observation  stat iona  r?ere 

e stabil 3he&  to  aurre/  the  boginning  of  the  path  and  the  ersi  of 
the  path«  6 inonato grup  h  I  o  tranaita  (thoodolitos)  ^rere  ,•  sed 

to  reeord  asi^uth  anl  «Ovation  photo  *rap hi oailj  ;p  to  ton 
fraise 3  pap  aoooml»  The  objoot  **ae  föllo  ?ed  in  a  juiiin,:  tolc- 
aeope  by  twe  i:on  opepating  the  t^o  ooardlnatös»  Tho  surveylrtf 
isatmaotittf  wAo^aniaw  in  Barlin*  In  goo &  ^c&thor  and  ^ith  a 
fee&X  Xength  of  oae  meter*  apürturc  12  mat  the  TS  oould  bo  ol- 
loood  up  to  a  dletanee  of  SO  len*  ln  gonoral  4  to  *5  Observation 
Station*  follo’^ed  tho  V2  sijauituneöuoiy*  The  position  «yj  toa 
distamo  eaj&  ©nL>  ho  gueged  to  mithin  s-5  metcrs* 

40  &  eeeond  method  tho  ( 1% , to theodo litte  uaed*  Steroo- 
«oopio  pioture»  wr«  taten  8  fcr.i  apart  and  oval  iatcd  with  the 
Stereo«*  ooiaparator#  iroblett  of  oorrostion  duc  to  ateady  and 
fluetuatiag  refraetion  in  tho  at:303phcre  lios  in  b  t*~cen  the 
oarpeepoßding  prahl  era  of  ordinary  geodotio  au  voys  and  tne 
probiere  in  astronoay  *?hare  the  rciYaolion  th"ou~h  the  hole 
tbia'mmm  of  the  et*no schere  nuat  bu  taJt-en  inte  -looouut*  Bo- 
o auee  of  the  large  dlstanoas  involvcd,  tho  oorvat e  of  tho 
oarth  rauet  of  «sause  also  be  takum  inte  aooount* 
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iieouukie  oi'  the  dixiiculty  oi  piokinj  up  uhe  oro^otilc 
at  the  und  of  tho  orbit,  ospeciall.*:  in  the  point 

of  I^ipaot  is  dotoirndnea  by  aeoustioal  pickupa«  A3  Ipilj  aa  the. 
exp lo aion  aoourrecl  on  the  ear th  s  surfaoe  there  wer©  ne 
essential  di, iloultios  to  thia  uethod«  üowever,  it  wert* 
more  dixiioult  to  determine  the  hei  ht  ab  ’hich  a  pro- 
jeatile  promaturel,/  exploded* 

3ohraid  worked  on  tho  data  .obtained  £ro?a  the  Poppier 
me tho d  aurvey  ox  tho  velooitv  tinio  xunction  oi  the  VE, 
and  o;-  the  "Iloehzieltriansulation"  (hi.^h  tarnet  aurvey) 
in  Order  to  eatubiish  acouratc  baaoa  at  the  Island  of 
Bornholi i  ( rhich  beionjed  to  ncn.xark.at  a  diatance  of 
1E0  ■:>  front  Peenemünde )  •  For  hia  aurvey  "Leuohthonbon” 

(flures)  were  set  by  alrplanea  at  a  hei,:ht  oi*  6000  m. 

:x'ho  ülurea  were  parachute  suapencied 


Interview  19  may  1945 


gootor  Inx.  Krnot  Steinhoff# 

1«  ffsrsonal  Data* 

Born  on  tiio  11  i^eb  1908  ln  :£ro/aa/K!r.  2  c  1,30x1ha  iu  aa  the  son  01 
the  Technical  Inapeotor  for  the  Reiohabaher,  Lud  lg  Stelnboff  *  i-rom 
1909  *0  1929  I  resl&ed  .ln  vftsaol,  final ly  in  Dar  äStadt»  Königsberg/ 
Prusaia  and. Bad  l^ancenhauaen* 

In  19S6  eiarried  Hilde  ade©  fneo'.  Of  thl3  Inlon  four  ehlldren. 
"-er©  born»  Han»  Joaohim,  Hanne lore , ' Aouika ,  and  Gisela. 

Original  realdenoe  Darrastadt.  later  ?©eue.-au nde.  They  wero 
evacuated  t©  er  Inger  ode,  Sudhara  in  the  violuity  of  Bleioherode. 

2«  KAuoatlonal  Training. 

Attended  th©  9-grade  High  Sohool  at  Kassel,  final  ezaalnatlon 
*m©  ln  the  ne~  year  1929.  final  ly  otu&led  at  the  Technical  Collo.:*e  Bar 
Stadt«  Stu&led  airplane  oonatruotion  avaition  weterology,  applied 
asse^aaies.  seleeted  oapltal  of  the  higher  riiacho.iatlce^  general 
©lestrlelty»  «ireless  teohaiquea.  high  freq  enoy  tcoHniq.es.  H© 
rseelfed  his  diple&a  ln  th©  final  examinatlon  of  IA ay  193b  ?iti*  a  rat  ln 
ff  T©ry  «pod* 

After  the  concluaion  of  atudies.  during  the  xiraotising  of  hls 
profeaaidn«  engaged  ln  für t her  -*t>rfc  on  the  s/ueatlons  of  teonnioai 
phyöloa.  i light  Instrument  teohniquea  an?  soforth.  ^eo eired  a  pro  totio 
ln  1940  fToa  th©  Technical  College.  Darmatadt  wlth  the  predlotlon  of 
ggj>A» 

Bur  Ing  the  etudiee  ln  the  yeora  1921  to  \9S4  etigoged  at  the 
seuae  tine.  ^ith  the  ^hon-Roasitten  experimental  Society  on  aubJeot3 
**£  the  aerologloal  meaaurements,  f light  performanoe  and  aerortautioal 
radio  tranamitlons« 
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In  addlfelon  to  a  pure  ly  teohnioal  eduoatlon  took  flying 
InsrtjHiotion#  In  19£w  glider  training;  ln  1931,  poirer  t light  training, 
and  oompleted  ln  1938-1939  trainlng  ,in  all  e lasses  of  land  planes  t 
- Ith  a  blind  flying  persiit,  also  hold  the  1935  gliding  wjrld  reoord 
for  dlstanoe  froa  Waaserkuppe  to  Brunn  (504)  km#  Also  partiolpated 
in  numerioa  air  raoes, 

4#  Professional  Praotioe. 

1925—  1926  onc  year  wlth  the  Bietrioh  air plane  rvorks*  Aftarwards* 
Raab-Xatzenstein  airplane  werks,  Kassel#  ln  1929  #  £  months  ^lth  the 
->ir  Weather  Station  in  Kassel*  In  tne  follot/ing  Semester  vaoatlon 
oonsiderable  praotioe  with  the  department  of  energy  ooonomy,  overhead 
oables,  erer  head  cables  monitoring  eto# 

After  the  oonolusion  of  Studie o  frora  Aay  to  Ootober  1933 c  maM 
wlth  the  ueraan-ftussian  air  Traf f io  Company  in  Xonigsburg#  a m 
meohanlcal  engineer# 

For  Health  reaaons  he  ohanged  to  the  englneer»  sohool,  Bad- 
farnkenh&ueen»  as  a  leoturer  and  soction  Leader  for  the  Air  Transport 

dlvlelon» 

He  was  oooupled  for  3  yeara  teaohlng  subjeots  on  airplane 
•onstruetion,  propeller  oonstruotlon,  aeroplane  statte s#  general 
statlos«  almplified  oonatruotion,  and  airplane  resoaroh  laboratory 
werk* 

In  Ootober  1936  he  returnöd  to  the  Ernst  Udet  ssperlmental  body4 
tbus  working  under  Prof*  Oeorgii  on  the  subjsots  of  atrologle,  fllght 
meohanies,  Radar  teohnlgues,  following  tfarough  wlth  fllght  performanos 
measurements  of  numerous  englnes,  and  g  Uders,  ränge  meaeuremente 
of  alrborne  radlo  e^uipmenttf  Light  testlng  of  tow  gllders»  and  the 
-subjeet  of  automatio  pllots  also« 
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Oa  the  lat  oi  Juiy  1959  Trauafered  to  the  ap-.yts  teatin  Station 
In  Peenemünde  and  took  over  the  superviaio  .  o f  artecring  gear,  and  later 
the  testlng  department«  et  the  end  of  1959  he  divided  the  auhjeeta 
öf  wirk  tsith  Doetor  The  11,  froa  Iluameradürf  ,  rho  took  over  ei.-.&lne 
f  eVelopment»  orkin/r  wlth  the  same  seatorss  of  the  elootrioal  and  ^adlo 

e  alpment,  tu£  ox  free  flieht  exp  er  i  ment  Q,  alao  flieht  moohanios  and 
linally  remote  eontrol,  Inolu&ing  equlp  aent  testlng  v>ith  a  oomplete 
experimental  testlng  atrplane* 

On  Uay  Ist  1948  he  reoeived  tho  ratin  of  flieht  oaptain  fron 
the  Selen  Minister  of  Air  Transport,  on  the  grounda  of  the  experimental  re 
reaults  obtalned  in  the  atrpiane  englne  experluientation* 

Gn  the  Ist  3ept  1945  put  ln  Charge  of  the  eleotrloal  e^ulpmont  of 
the  Helmar-artillery  park  11,  and  later  the  eleotrlo  neohaijioal  ^orka 
at  £aylshagen« 

In  tho  foilo  ing  time,  oocupiod  in  supervlsing  the  aanufaoture 
of  eüshrtoal  psrta  of  variouo  additional  sub-firms  for  .».-4  e  .uipment, 
aspeolaily  takln#  gare  or  the  development  al  exporlmenta  ol  the  ^-4  ln 
f&ee  ftlght,  by  provl&lng  prooessea  for  tronsalttlng  mensuration 
vaiuee  froa  flying  and  the  further  development  of  *4-4  apparatua  for 
1  inst&nee  Sinoe  1959  he  ^ae  engaged  with  a  fluid  pool  up  tovoü 

,  leading  GN Oman  FAuoaticyiai  Institutes  for  speoiul  probiere  of  the  pro- 
dbetloh  of  the  ä«4  and  for  the  further  Ing  of  the  baale  1  »provemont  of 
$ereral  rocket  epparatus* 

iorklng  togeth er  wlth  the  leadlng  radlo  firas  ln  the  pro&uotlon, 
ekperl^entation ,  and  fittings  of  radlo  inatallations  for  A-4  appdratuß 
[  ■? and  9*th*f*ll«(  asserXail > 

at  the  end  of  1944  *rae  oommlaaloned  to  take  over  the  development 
of  all  vnnamied  oontrollod  German  flying  oraft  togeth  er  rith  ’-.oioha- 
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minister  ^3  a  reault  0  bhe  re.üoval  i>oi;  ^Tscrlsha^eri  and  %h& 

development  of  the  thla  co:.),aöS3ion  ooula  not  "be  put  into  pru^tlee« 


Signedj  Br.  l;xna$  3teinhof£. 
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1  was  bom  on  the  28rd  of  Norenber  1005  in  Neulaübusoh.  A  son 
«f  ®  fn»»p,  E^thiea  Steina.  Pro«  6  yeara  to  14  yenra  X  went  to  the 
Pww  Sehool  of  Grabs  Sri**, 

After  I  quit  sohoelX  worfced  for  two  yeara  tili  April  1922  ty  Ilse, 
Siü'^W  A.G.  ln  Grub«  Erika  as  Teohnieal  Draftanan.  At  the  Bans  fix«  for  8 
ysars  I  learned  Kachin«  Pitting. 

X  ettended  the  following  Institution*  t 

Mtmioip&l  frede  Sohool  in  Berli»-Charlott«nburg . 

Specialist  Sohool  in  th«  City  of  Qerlln  (Night  sohool), 

Pr»  1*4« 1926  to  27,5.1950  City  Kaohiaa  Conatruotion 
Night  School,  Berlin«  and  the  Stato  Reeogaised 
üMfeinf  Construetion  Sohool. 

Pr»  1  »4*  1932  tili  12,8*1935  X  did  the&e  prof«s«ioa»  by 
th«  following  fizast 


Mir«  Rolohstein«  Brennabor  .Vorica«  Brandenburg« 

6,5.28  to  22,6,25  ns  Auto  Mstenie. 

Friedrich  Henkel«  Auto  Repair  :orto«  Berlin- 
Charlottefeerg«  80,6,25  to  21.8,25«  ns  Auto  Msohanio. 

Hertel  Yorks«  Limited  Co«  Berlin-Staaken«  25.8,25  6e 
12,9*25«  ss  Machte  Pitter. 

Kaste  K,  Bach,  Berlin-Wltersdorf,  15,9,25  to  14.12,25 
ns  Sloetrinisa, 

Brenta  Bleetrio  Apparate«  Liadted  Liability  Company, 
Berlln-c  ^jttemourg,  15,12, ?5  to  51,12.27  as  Paotoxy 
Teohn6a>. 

JCnorr-Brakes  Lladted  Oo«  Barlin-Llchtsaberg,  21,1,28 
to  19,10,54  na  Construotor, 

Knorr-Bmkes  Limited  Co«  Berlln-Lichteriberg«  TO. 10,34 
to  51,1.57«  as  free  Lanoe  Engineer. 

Kiii><i*idorf  Piring  Rangs«  Proring  Station  Weit«  1,2.57 
to  26,2,87«  aa  Construotor. 

Ar*y  Test  Station«  Pooneaunäo«  1,5.57  tili  the  present 
dtp#  ea  Construotor«  snd  Group  Leader  in  the  Contruotioa 
Bureau, 
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By  the  fix«  Kaa  Brak»»  in  Berlin  I  was  ohiefljr  Constnaeter 
of  Air  Brak»»  for  narrow  gauge  reilway»  and  »ir  pcaqp»  with  rotntlng  plstons. 
To  th»M  belong  ▼»!»»  and  pipe  llne  apparetus.  Besldes  th»  praparatlo» 
of  d»sign»  and  workshop  drarlnga  I  har»  supervised  the  carrying  ettt  of  tasts 
in  the  workshop  and  oonduoted  teat»  of  newly  devnloped  »pparatus  e®  th» 
testlng  field. 

In  the  last  5  yeara  I  was  with  the  »mm  tirm  in  th»  »als«  Vuma 
as  Pra»  L&no»  Engineer  with  project  work.  I  was  ooaupied  on  prio»  Mid* 
lndexing  and  preparing  Tenders. 

Slnce  1*2.57  1  worked  unier  Br.  Dornberger  and  Prof.  Dr.  wo»  Brav» 
on  th»  Rocket  Probien. 

I  beg&n  on  the  Kuanersdorf  Biring  Range  as  Constructor/  and  then 
prepared  dasigns  for  a  self-starter,  which  wäre  coapleted  later  in  Fimmsftiulti 

Pinally  I  worked  with  Ing.  Tesenann  on  No.l  test  beaoh  at  PewnasAade 
(Projeet  and  internal  inst  alle  t.  Ions  inoluding  prerlsion  of  talesoopes). 

di  aocount  of  the  shortage  of  personnel  this  work  had  to  ba 
continually  Interrupt ed  and  I  worked  on  the  A-3  and  A-B.  On  the  1-5  »pparatr: 
I  oonstrueted  the  oaeygea  tank  and  the  nitrogen  ooneSenser.  Purthemere  I 
undertook  the  oomprehensiwe  work  of  the  whole  apparatus  th»  detalop- 

■ent  of  a  suit&bla  high  apaad  paraohute  for  th»  »»»ent  of  th»  apparatus  after 
Its  take-off. 

Cie  oonetruotiv«  oontrol  of  th»  A-4  oonsistiag  of  th»  followlng 
eacperts  wae  in  ay  handsi 


Worit-Dtwrtm» 


ttnftficr 

SSSSSSrntäSSm 


Assembling 

Cell« 

Water  H»ater 
Turbo-punp 
T-Installatlons 
Tank 

Toni  »hop 
Pipe  »yeten 

Eleotri»  eonneetione 


B»PP» 

Kroll 

Heubmer 

PanPL 

Pinsel 

Hem 

Fuhrnann/Pisoher 

KubergALahler 


The  per»©»  lanedlateOy  ower  n»  wa»  Superior  Dipl.  Eng.  Eanneuherg» 
»Iso  Signal  »s  rsspensibl»  for  the  t»stlng  of  »pparetus.  Th»  e4fli$i»n» 
to  basle  expendituxw  wäre  worked  out  with  Eng.  Tesenann. 
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Albert  Schüler: 


Age  30«  Technical  High  Sehool,  Darmstadt.  Diploms 
Ingineer  1939.  Worked  fer  2  aonths  on  isatsrlals  (not  con— 
mected  with  weapoas)  at  Hhelaaetall  Borsig.  Hever  in  Army. 
Waat  to  H.A.P«  11. 

Worked  oa  A«4  and  Wasserfall  Instrumentation. 

Problems i  (1)  Special  Instruments  to  investigate 
troablea. 

t£)  fiegistering  readings  at  a  distance. 

(3)  Measarliig  (a)  Pressures. 

(b)  Temperatur es. 

(e)  fuel  Flow. 

(d)  Tank  Gontents. 

The  Observation  post  was  800  to  300  meters  from  the  A-4_ 
Thragt  Äeasnresent. 

(1)  As  ln  *-4»  used  a  lever  weighing  maohine« 

(8)  ly  ellptisal  eleetro-nagnetie  ring  gauge.  Hing 
special  Steel  W«A«f.3.A.  7*  x  10®. 

Pefleetioa  li  mm  for  8  tonaes 

ttml.  800  .  Inder  best  ©©**-  r/msr ^ - /  lJE^I  J 

ditions  aeear&te  ts  3J&«  Äs-  Jt 

ebaniesl  side  ©•!•  bmt  bad  elee-  " 

trieal  troable  dne  te  tesperature  fluotuations  and  ©hanget 
in  frefueney«  Messers«  ent  by  A*0*  Zndisetanee  Bridge.  The 
WasserTfcll  gange  made  to  reglet  aeld  eerreeloa  (He  had  not 
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«na  ro*?Ibly  not  h ward  of  «  wln  straln  gang*.  Vafclefl 
of  »aasurlng  tha  thruet  of  tfc#  Wasearfalls 


Tatst;  »natura  MaasureBsant» 

(1)  Staats  for  turblne  $80ö0 


(g)  C.C.  tcaporatara  tri  ad  by  Hs<Uution  Pyrosater*  tot 
thi*  gay«  an  indioatlon  only« 

(3)  Hst  alcohol  was  not  ooolad  apprtoiably  by  pass Ing 
througfe  th«  L.Og  tank« 

(4)  Z.  Stuff  was  haatsi  oatald«  «Xtotrloally»  Xf  tha 
gtrlt  stood  too  lang  wlthoat  ba^ng  fired,  1t  was  tüwttia©* 
atotssäry  te  haat  tba  S  Straff  by  blovlag  in  tot  mir  (**» 
ttraally  ©wtr  2  Yatik) 

iMlnan»^  satt«  ttorMtooplas  -  iroa  *  mnstmtln* 


0«  •  none  baatia, 
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SgggSjgttL« 

fl)  Ueed  Bourden  tubea  on  vrhleh  were  mounted  rheootats 
«dil eh  transferreA  the  readlng  to  Bunker  200  m.  avmy. 

(t)  Condeneor  gauges. 

fS)  Siemens  eleotrlo  pressure  gauge. 

(4)  Zn  flight,  Bourden  gsuge  ueed  to  Charge  induotanee 
ffor  telemeterlng. 
fein  temperature  ln  flicht, 

fhey  innert  lato  the  ekln  ea&ll  patohee  of  metel  of 
knowa  Mittag  point.  These  patohee  are  eaoh  connected  to 
rtn  eleetrieal  Circuit  whloh  sont  a  eignal  vhen  the  metal 
aelted. 

(Schüler  wae  only  eoneemed  wlth  Instrumente  for  the  power 
aait) 

rjm*  Confntg  T*H  Fla*. 

The  firet  aethode  of  aeaeurlng  fuel  oonsuaption  wae  by 
a  eoatinaous  readlng  depth  gaugt  in  bot h  tanke.  (On  the  com- 
buetlon  ohamber  teet  bed,  they  measured  the  fuel  eoBeuoptlea 
by  feedlng  froa  welgh  tanke) 

(1)  (Gontlaueue)  -  Byllndrioal  eoadeneor  probe.  Two 
aonoentrie  oyliadore  (alualnua)  ueed  with  eoadeneor  brldge 
aeaeurlng  eyetea.  YBry  goed  with  L.Og  ae  di eleotrlo  eonetaat 
wae  eonetaat.  L.ög  aa  exoellent  laeulator.  Hot  too  suooesp- 
ful  with  aloohel  hat  thoy  iaodieed  tho  eurface  of  the  aluainua 
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tub*>.  Gna  o f  theae  probes  was  bullt  lnto  each  tank  of  erery 
rocket  due  for  test.  To  mount  tbe  cylinders,  ploxl^aua  was 
good  for  li.Og*  Wlth  g ara#  lM  sccuraoy.  Made  a  raore  •lab* 
orate  bridge  but  never  used  as  thla  System  was  abandoned. 


F/£ü>  MTAK 
HCR£ 


Depth  &au£t  -  System  ?. 

Developed  by  Profeanor  Hage  of  Hanover.  <3*ve  a  stralght 
line  ourve.  O.K.  for  aloohol. 

No  good  fotr  L.Og  due  to  temp. 

Variation.  Iron  ü  wound  *?3th 
wi re.  Strengest  fleld  at  bot- 
to®.  Raoh  leg  sbeathed  ln 
porcelain  tube.  Thls  con- 
stltuted  the  Prlmary  of  the 

lnductlTe  System.  The  secondary  TfäSfiSlA.  &£U>  4r#omf&n 

conslated  of  a  short ed  turn  of  alualm»  slerrä*  ln  a  giess 
float.  \%  accuracy  on  aleohol.  Wanted  but  could  not 
get  this  wlth  these  oontlnuoue  Instruments  so  oh  an  ged  to  tvo 
new  Instruments  givlag  elgnals  at  10  levels. 

System  S  -  for  Aloohol. 

This  aystea  sometimae  used  wlth 
the  oontlnuoaa  ayetem*  Accuracy 
2/1000.  hm  Om  pumpe d  ln  always 
4000  11t res  error  on  t@p  tute® 
eontaot«  Ntver  great  er  than  plus 
or  Blaus  0  lätres» 


to  6LASs(Mf#cwr) 

ran m  $wiroi£s 

Ar  35  CM  /AtnmL 
OF  OFFTH 
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Syst»  4  för  L02 

teer  %&&  19  mercury  glase  awitchea  floata  rotating  a  small  whael 
sAtl i  cssk©  «ad  hraks  eontact. 

Swte»  5. 


Dlascosstinaoa*  Ästr©  sagnotic  d®ptfe  gauge*  Impulse  to  indlcate  as  glass  fioat 

/OC.M,, 


passeö  «ach  oetl«  8-10  colls  in  tank* 


CotLS  K  *l 

LQAtC 

h&UoW  CiAi'S 
-^LQAT 


Bs®d  for  Wasserfall« 


Aluminium  s/av^ 


POJZC£Ui4fi  TifSf 


wr-— '9 


ALmtMUNl 


PrfGrvCTtvN 
la  TaZFVB  tha  fluid  flows  w*re  not  faeasured  • 


D 


-  mUiAT££ 


/OCH 


imuiATtrtc 


For  testipg  i&asarfall,  most  of  the  instrumenta  were  the  sarae  as  for  A4» 

HflWffiP  the  elöctrie&X  insulatton  which  was  O.K.  for  alcohol  was  no  good  for 
iita-iß  or  f  iisel* 

For  **ld  mm  Snsal&tor  "Dynagan*  (Opanol)  usa  a  different  insulator  for  VISOL, 

Tm  did  w&%  mm  the  capacity  ‘«be  or  the  CAPACIty  tübe  or  the  102  fioat 


•ad'i fhsel  syftteg» 

Xitrlo  attadced  msrcury  switch©»  -  poor  contact  so  used  System  5  -  see  above« 
Diffleolt  to  Qfib  Sank  depth  gaugas  ower  short  runa  so  developed  flow  meters« 
tlbad  normal  s&efes  plaias  and  pressure  drop  measuring  davicaa  for  seid  and 
ilodwi  but  t% r  h&d  to  deaig»  spaclal  wenturi  to  avoid 


turbulsasa  4 snä  jfmivg* 

Vary  carlüecl  t*  Is&surt  your 
prmmm*  im  th*  right  f&aeac» 
öea  Mg  hol*s#  loml  sisa  2 



n 


^7Z77A 


$  sm  but  for  L»02  5-8  mm  to  avoid  arrors  dm 
428 


LOt 


to  bolling. 

They  vmoä  this  type  eucoessfully  for  liquid  exygen. 

Vas  intended  to  raov»  oombuß  tion  ohambsr  ,  Beet  boys  to  Ld^itfiSTSN  nsar  ßAltf&LD* 
Depth  gaugea  et  firet  one  was  bullt  into  every  A4  for  experimental  purpoeea 
Mhan  in  production 

(A)  1  in  10 

thru  (B)  1  in  20. 
then  abandoaed. 

J.I.  and  GJQ. 
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I nt e  rrogat ion  of  ERICH  SEIFERT,  interviewed  Garmisch  on  22  May  194^?,  by 
H»A»  Leibhafsky  and  G.  J.  Gollin 

Made  jigs  and  dies. 

fff1™*  (see  Illustration  below) 

’&ia  100  mm.  length  about  6  Bieters.  coBibustion  chamber  13”  to 
long.  Mild  Steel  1  mm  mostly,  2  1/2  to  3  mm  at'the  thickest.  Sprayer 
xn  3  parts,  many  holes.  Tanks  1  Bim  wall.  Fuel  tanks  about  1.2  metres  long«, 
Inner  tank  about  60  mm  dia?  Probably  samples  at  Blecherode.  Tried  all 
kinds  of  stabilizing  fins,  some  short  and  some  long. 

2.  Wasserfall 

Worked  on  middle  part  of  the  body. 


Interrogation  of  FRITZ  SAR*,  at  Garmisch  on  22  May  194-5  by  H.A.Liebhaf sky 
and  G#J.  Gollin. 

Concemed  with  the  liquid  oxygen  plant  at  Peenemünde. 

Mi  mm  2i}goo 

Insultation  30  cms  of  "magnesium,,powder 
Fixed  Peenemünde  LO2  factory 

Storage  —  2  tanks  50,000  kilo  each,  suspended  from  an  iron  framef 
insulation  magnesium  powder. 

2  compreesors  each  2  cylinders.  Each  compressor  UiMM.  m&de  500  -  600 
kilo  of  LO2  per  hour. 
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Interview  -?ith  Tip«  fteiuhod  btrotsl  (of  ftc liosun&o 
(rarmieoii  Partei&Iroben*  -lay  lh*  ISK3« 

Jnterrogator :  Er*  IT*  Itaio&y« 

Lr*  Strobel  forraul  *fct&  tue  uuiliLhi©  .problenu  Oi  the  Y£  rhioh 
wtie  to  be  -aelved  ujätiieniutlöuliy  by  thp  Institut©  oi"  .v.plied 
vütheiiutfica  i  ^rol'*  w&lwr  ln  X>ar^ata4t  » 

The  Peenessuftde  wiu&tunaals  (now  ut  Kochl ^  under  the  aircotlcn 
o £  Üesarö*  Hero^nn»  Xurftweg,  -  e^oncr  )uiid  üwliera,  nu  -rveli  1*3  the 
wind  tunnel  in  ***au®a  ( wiese  lebergc?  supplied  the  b  -.sie  physionl 
und  aerudynajaio  duta  fer  all  oi*  wha  balliatie  oalculutiona*  The 
uietooroiogioal  aorv  io«  of  the  Reich  auppliöd  the  data  eonoernir^  the 
ntato  sauere*  tmeh  aa  caaperaUireiu  densltlos,  wind  velooitiea  etc. 
us  Türmt  io  u  of  the  aktitude* 

Th«  dlspai’SioB  }n  raiv^w  of  the  VS  (50  sone  iu\peii3  to  b©  a 
sir«  1«  t  aeo  ident  al  ly  »  ior  tue  un^ulded  aiaaile«  The  diaueter  of 
thls  olrele  1«  4*5  2cm«  fear  the  radle  direoted  VS  the  lateral 
diapereien  is  aut  down  to  one  half  and  the  30/,  dlaperaion  zo&  ie 
an  ellipee  with  a  major  di  am  et  er  of  4«5  ln  the  direetion  of 
f light  and  a  lateral  Minor  a^cJU?  oi’  2  jti*  ’£ha  di&mwtof  of  che  30/ 
diepersion  zone  le  oaleuia&ed  froa  the  laust  equare  Termin 

£ 50=  i  M7+s\Ci/M*£n-l) 

The  di  «per  eien  has  its  origin  in  the  foilowing  error«: 

1  hrror»  in  the  .acaJLfeua  veioeity  reiohed  teeuua©  of 
erroneoua  tim|jag  of  the  out  off  of  the  propellunta 
(brennnohlusa  * 

&'  larrore  in  the  diotance  travelled  at  the  time  of  the 
propellant  mt  off* 

3  Ahgangs^nndelfehler  Usfcror  _n  the  angle  relative  to  the 

vartieil  ut  the  ''hreniisohlusa^  or  the  atort  of  the  free 
trnjeeiory« 

4’  .4heehult£eltfenler  !  üTror  in  the  tiidng  of  the  pro 
pellajst  ©ut  off« 

Ätmospberle  fluot^atfona*  influenoe  on  the  drag 
lirug  eoeffleient  Cv  •  fhese  fiuetuotiona  r.ere  not 
a&thefisatieaiiy  eonaf&ere&e 

*'  ffeigfct  f  tnetuetiene  relative  ho  the  thruet  eae  also 
tehea  Inte  eeeeent« 
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ir'Tv.:.-  c  i'or  *tlie  öfcniyx-  in  ra: ■.%<*  ln  dependanee 

wh»>  aha:v>üu  üi  v  Jfiouo'  an^rectcridti©  psruaotöru«  These 
r-rijvi  .o  ga  e  £iho  dcvulopi  *cnt  cngineers  fche  proper  lead©  cn  hov 
wo  isXi-.w;«;  tue  v  parameters  of  tb@  Y£  in  or&’or  io  ao  hieve 

t.;v  <4  p«iüge»  Iu  this  vr.j  the  ’-cirlit  ~  ~u  'r@av.otid  uß  fear 

uJ  l.vt« 

Individual  crbltj'  vc-re  onalyscd«  The  er uit3  ~ere  survejrod 

u  fruu  w.ovrii  and  ueoeler allen  th©  thrust  oa  &  fur*öti oa 

w*  tine  Ooaiu.  oe  detorained  der  tho  individual  crblta«  tto 

dtvi  Oil  tLo  propellaut  out  off  th©  aruji&a  vd&  thea'  oej&piroed  and 
oo^ared  rith  fcho  aotuail/  observed  ruu-;c*  £b@  tvt>  raagou 
vvvah.y  agrwoe.  vrii-hln  an  uccur^-cy  ei  le^a  than  plus  or  rrd TiVffl  1 
ka«  ’^ith  iiOoid  «lijd  and  ball  v*isd  additional  o banges  ot  th& 
raa^c*  reeult*  *JCh@or@tioally  &  oonätaut  &@a&  vriud  of  on©  isstc? 
l*ßi‘  a@öoa&  ahortens  the  moje  1/  ton  metors»-  öiuose  »oaetiaioo 
Vviad  vclD@itio.$  q£  40  %q  50  aoters  per  ,i©oond  tw©  oba-^rved 
©liouiges  in  ronga  of  Uxo  orlcr  of  500  aieturs  oouid  bc  attributed 
thia  causa« 


Itrflreace  o*.  tfee.Jgt  03  tiw  fcrmt  «oem^ent  Oj 

*  Ifce  for  the  total  drog 


fh@  drsg  Qa  tfco  uis-ile  lo  -great er  tvhen  bh@  Jet  ifl  an. 
i’or  Ole&b  Hausbars  skalier  than  unity 


^Cw(«ax)  =  0.1  Cw 


^C*w  ==;  O  /or  M>  I 


übe  taalitative  diagraia  la  as  follovs 
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AalQith  tear»,  <Ask  Bra.  Roaental,  Steliihof,  liolaer ' 
0— UUtlOM  jj  th«  ml a alle  arounft  ita  aantaro*  aravltr. 


-  Orbi  t 


Th#  mzgle  q£  attaoic  at  th#  tim#  of  th#  propellant  out  off  is 
dlffareat  f#r  different  aotual  orbita*  Th#  drag  ao eff lat ent  de 
p#nd#  an  thl#  engl#« 

As  m  funotion  of  £&&h*s  number  M  the  dragjodoff latent  0™  or  0« 
has  &  mxtmm  at  M  «  l.Ä  wfcloh  1s  Cf  (max  u  0*43 


Drag  COE’FFtClBNT  FOR  Vg 


C  W 


He/ghi 
6  O  Km  -  * 

45  f 
50  f 


x 


At  mosphere 


-54  +54 


Temperet  ure  in 
Centijrade 
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ffce  Problem  o f  the  Inf  luenoe  of  long  mean  free  paths  on  Cw  at 
great  altltudcs  ms  r  not  eonsideared  by  the  Peenemünde  Group» 

Reeently  shen  many  TS'o  veri  flred  many  temporary  prob  Iotas  Ja 
•Witt  the  shole  attention  of  tho  aerods  *naiei0rt  at  Peeneaun&e^' 
&uaä  the  »arm  baslo  Investigation«  wäre  turned  over  to  zh o  ft  arm 
Stadt  mthemtle&l  group» 

• 

Per  the  aerodrnaaies  of  tho  wing  born  olsailee  at  Peenemünde 
interview  Dipl»  Ing»  Geissler# 

taplmeuutloo  of  tto  ortlt  of  tbo  T £ 

A  bas«  line  with  at  least  three  Observation  statlous  was 
ueed  and  observatlons  mde  ln  oleor  seither  both  by  day  and  by 
night»  3peo lallst  ln  this  fielt  1s  ftr»  Helmut  Sohmid* 

Eleetrlosl  gurrg?  o t  tb«  path  of  tho  Tg» 

Thla  wae  done  with  short  s&vei  on  tho  baols  of  the  ftoppler 
prlnelple»  The  ground  fpe^uenoy  emltted  froia  the  ^ound  Station 
was  reeaitted  froia  the  misst le  and  arrived  at  the  vor  Ions  ground 
o tat  Ions  as  a  ehanged  frequenoy,  the  «hange  in  trejusnay  rep 
resentlog  directly  velocity  oocaponents  of  the  miaslle»  Vary 
good  reeults  wäre  ebtalned  ^ith  this  oethod»  beeause  one  obtains 
in  this  eay  the  veloeity  direotly  rather  than  by  differentiatioa 
ef  the  path  es  ln  the  cptleal  sethod» 

ag«noaoiilüao=  propoUact  mt  off. 

a  Brennschluss  through  radlo  Signal  with  an  aoeuraey  of 
dispersion  ln  the  raaxiiaum  veiooity  eq.ua  1  te  plus  er  minus  one 
•Mrter  per  eeeond* 

b^  Brennaohlua®  through  the  use  of  Integration  daviees* 

In  this  ease  the  eeoelsratlon  is  integrated* 
wm  Integration  devioe  see  the  internes  with  Prof»  Buehhold  ln 
Bonden»  With  this  apparatus  the  aeoeleratlon  of  gravlty  enfcery 
the  pleture  also«  Tmere  aay  theref ore  >oeour  a  rather  large  _ 
Selmb  ~  Seit  fehler  (Thrust  time  error  *■  On  these  errora  Inter 
Ties 


Br»  Kirehstein 
Br»  Sehwldewskt 
Blpl«  Ing»  Bern 

The  teste  at  Peenemünde  ine  lüde  50,1  of  the  sut  eff  *8  ef  the  type 
•  and  90%  ef  the  eut  off  *s  of  the  type  b  • 

The  misslles  shieh  wäre  sont  againat  England  used  the  eut  off  b 
ln  90%  ef  the  easea  and  only  10, >  of  out  off *s  of  the  type  a  • 

The  reaeon  fr  this  1s  that  the  erew  dld  not  eare  to  stand  eround 
and  operate  the  radlo  equipsent  beoauoe  of  dangsr  of  air  attaoks» 
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X©  a&dition  t  feere  *^ere  not  enough  of  tfee  eleotrloal  grovmd  ! m 
staliatlena  avaüable# 

faBFOTeagata  la  th«  (A»eur«*y  of  «ring* 

a  IsproreiaeKfc  tferougfe  oorreotion«  of  tfeepatfe*  Ihls  _ 
firne  Ire«  tfee  derelopaent  of  a  doubl«  Integration  froxa  tfeo  ac 
eeiaratlon  % 9  tfe«  diatanoe  travelled#  (Interner**  Br#  Klraofe  o©  tMs 

fe*  Oorreotion  of  tfe«  t insing  of  tfe«  p^opellant  «nt  off# 

Äi»  latter  oethod  ia  loa«  aoourate  than  a  # 

Betfe  setho&a  are  based  ©n  tfee  follorring  idea#  Os«  oorr  >ta  tfe« 
veloclty  nerr  the  tlsae  of  propeil  ant  out  off  eitfeer  after  ooa 
pari^g  tfe«  distanee  travelled  er  tfee  tlae  on  reaefelng  a  definit« 
▼eleoity  sitfe  tfee  distanee  or  tim  tfeeoretioally  expeoted# 

da  ho**ever  ^etro  In  the  procesa  uf  develop;aent#  /fetual 
firinga  fsere  «o  far  only  eorrooted  rdlth  the  tlao  «orreotion 
sothod  feut  not  yet  «itfe  the  distanee  «orreotion  mothod# 

ffe*  tia«  «orreotion  method  is  lesa  aoourate  than  tfe«  distanee 
eerreotlen  aethed  beoauo«  it  irrrolves  qnly  one  point  on  the  patfe 
fwttfe  so  fcnewledge  ©  £  prrrious  feietory  #  Pfeile  th«  distanee  ecr 
reotlen  method  irrrolTee  tfee  «hole  patfe#  for  Instanoe  if  tfee  tifee 
efeserved  at  tfee  out  off  ls  tfee  normal  theoretleally  expeotod  time 
and  tfee  veloeity  at  eut  off  tfe«  preserlbed  tbeoretioal  normal 
▼eleelty  tfeen  not  neeesaarlly  aotual  distanee  travc.ied  «quäl 
normal  thaoretle&l  expooted  distanee# 


nterview  v*lth  Dr*  flrnst  3telnhof 


!•  r- 

*Th«  V2  Charge a  up  eleoirlo.il  17  io  order  of  um  nitu&u 
£0,000  Volta  ut  *  th©  et^rt  of  th©  run  und  dt  the  propellaut 
out-off*  Our  ing  go  od  oombustion  there  1©  no  Charge  -n& 
previousiy  bullt  up  potential©  disup  eur*  he  net  oh-orge 
on  the  devloe  wüst  beuta  ta  solid  partlo les  in  th©  combustluii 
gase«*  The  existenoe  of  solid  partlo ies,  either  from  iho  co 
buation  orfrom  duat  pvo’tiolea  from  the  outslae  uir  is 
neoessary  I11  orderfor  the  bombe  to  be  ohurged  up  electrica lly« 

£•  Srrora  tu  ran<e.  oft  he  Vg* 

The  50%  dispers! üii  gone  r ex' er 3  tu  V£  bomba  T7hloh  all 
are  in  ^ood  Order  •  There  wäre  of  oourae  aany  aystematio 
f&ilures  v.hic'a  aocount  for  the  ^otually  observed  viCLe 
aqatterlng  in  tha.  ränge* 

öm  Double  Integration  of  the  aooelerationy 

A  oontraot  was  given  Prof*  Büohhold  in  Darmstadt  to  de- 
velope  auoh  a  devlce»  whioh  ^as  intended  for  oonneotlon  of  the 
path  at  the  time  of  th®  propellajxt  out-off .  a  propoaal  was  raade 
für  aotlvatlon  v/ith  the  aooeleratiori  Integrator,  of  a  motor , 
the  angular  velooity  of  ^uhieh  v<ould  always  be  proportional  to'the 
velooity  V  of  tho  projeotlle*  "The  numbnr  of  revolutipns  of 
thie  motor  be  automutioally  30unted  and  thus  give  the 

distano©  travelled  by  the  projcotlle* 

4«  Agjmuth  error 8  for  the  Tdm 

Aglinutal  line  up  of  the  1Z  on  the  firing  piatform  was 
poaalbl®  mithin  qm  tp  thre®  “artillery  aivisiona"  {Artillerie-* 
strich  s  1/0400  Öf  the  oirole)*  Thia  error  aooouuts  at  moat 
for  on@  kilometer  lateral  aoatterlng«  Ordinary  artillery 
trianguiation  inatruments  v:ere  uaed  to  ad  Just  the  projeotile 
ou  th®  table*  The  plane  of  th®  f light  orbit  is  defined  by 
gyre®  t©  about  the  sam©  aoouraoy  in  final  ränge  dispersion  as 
oorreaponda  to  th®  error  in  aaimuthal  line  up* 

9#  Dampfen*  qx  th©  oaolllationa  of  the  V£« 

In  th®  beginn  tag  inaoouraolea  in  the  oonatruotion  of  the 
Y£  played  a  great  role»  These  inaeouraoiea  resulted  in  an 
angular  volooity  ar©un&  th®  uxia  of  th®  orojootil®  of  aböut  30- 
60  rpta*  Later  on  th®  genef ation  of  angular  momenturn  durlng  the 
f  light  ms  mor®  and  more  ©liwinated*  The  control  prob  lern 
with  th®  Y£  is  muoh  more  dlffioult  than  r-ith  ordinary  airoraft 
where  stab ility -must  b©  aohleved  only  In  a  muoh  more  -limited 
▼eloelty  fange.  (1  to  6)*  II©  artifioiul  d.Xu’ipijig  ia  used  in  the 
J  V£,  Rathdr  the  air  itaolf  is  us®d  ao  the  damging  medium  ln 
auoh  a'way  that  both  tho  rudder«  ln  the  Jot  und  the  externa l 
onea  ore  nacU  to  antlcipate  the  0n00uU.1v;:  oaoillationa  and  ^re 
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ijv  ü  in  such  iaJhion  ua  to  oorapenaate  theü  in  statu  naaoöndi. 
6*  ...cixitauid  3t q  iwtlon  pressure  2a 


UpTaarda  rii^it  PQ  Crnux)  «  l.l  atu 

J>ormward3  dive  Ps  (aux)  «  5.5  atu 

Heutig,;  of  tfaa  akin  of  the  Y8 

Experimental  la^  -für  tno  fr  io  tio  ri  temperuture  xs 
2 

Ty  s  V  /  SQOO  in  Centigrades 

~here  the  volooity  V  ia  to  be  expresaed  in  meters  per 
seoond*  The  dependenoe  of  on  various  variables  ha s  not  /et 
been  determined  aoourately« 


Interview  19  Lhxy  1945 


1 l* fü!R 30G ATI ÜIs  Cr :1  ui?  DR»  of.Pi  uHR  -  pü  i.lay  1R45« 

Hy  De.  3.A.  Sharp e 

Interpreter-  i)r.  Rosenthal  (  Peene:  ende  ) 

-he  purp ose  of  fchp  interroppjaioä  .;rs  to  obtrin  i-af o enrtion 
on  Code  names  used  La  Connection  with  .4  Radio  dquipment.  Code 
names  :vere  allocatnl  by  ieenemonde  tc  all  conplete  epülomentl 
In  all  correspondencee  individual  units  v/ere  onlv  refered  to  as  an 
item  of  a  code  named  equipnent.  These  cocle  names  did  nob  appear  on 
the  ranuf  actured  equipmont  .mich  was  only  mar  red.  with  a  type  number. 
These  type  number s  we re-  sent  to  the  manuf ncturing  firms  by  the 
idinistry  ende  er  ne  d  and  not  from  er  through  Peenemünde,  liiere 
wouid  therefore  be  no  one  available  that  would  know  the  numbers 
concerned! 

The  following  code  names  wo  re  obtained: 

1.  Equipment  in  Rocket 

Honnef f :  This  name  covered  the  control  Signal  receiver  and 
auxilliary  units  mounted  on  the  sqme  •maigl  fröre. 

UtKoH  /7:  This  name  covered  the  receiving  .equipment  mr  the 
Leitstrahl  bean  Signals. 

hessina  lg  Was  the  code  name  given  to  the  equipmenr 

including  transnitter,  modulators  etc. 

Papergie  s  fhi-s  was  a  seif  oscillating  Radio  Receiver  which 

was  used  as  a  low  power  transmitter  for  field  strength 
measurements  in  connectionwith  measurements  of 
absorption  of  Radio  IVaves  by  the  rocket  flane. 

It;  was  used  only  for  experimental  purposesi 

Qrtler  :  This  name  covered  the  /erdo  pler  Receiver  Transmitter 

in  the  rocket. 

m  4/vn  j  This  aas  the  name  for  a  receiver  designed  to  p^ovide 
a  nun her  of  i-ediocontrol  channels  to  the  rocket. 

It  was  used  for  res raren  purposes  only. 

I.  GerAt  I  or  II  :  ijas  a  general  name  for  I  nt  eg  rat  Ing 

Accelerometers.  Iller  GerAt'  .aas  khov/n  as 
I  Ger^t  I  and  Isar  Ger^t  as  I  GerAt  II. 

The  following  terms  are  notea.  These  were  not  code  names: 

Oernig-  is  used  generally  for  a  power  unit. 

Haupt  Verteiler-  for  a  junction  box. 

Antenna  Kasten-  for  an  antenna  natching  unit. 

2.  Test  Equipment  for  Rocket. 

The  ground  equipmont  used  for  testing  the  rocket  is  covered 
by  the  general  name  R-Gestelle.  This  Gestelle  or  Trane  contains 
a  number  of  units.  £t  contains  a  lo,/  ^o-ver  transr Lt cer  and  mo  - 
ulator  for  producing  signals  sinilar  to  ’chosc  obtainod  fro  the 
xjeicstraiil  Rcai..  and  also  a  hol  loste  in  J  ander  for  tos  Ging  tne 
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'  JdlSvh!  illCh  B.iPORf  05*  JJd. .  Stoinlioix  -  3o  May.  1945. 

yeruO/pler.  Se veral^unit s  that  ars  probably  3-Gestellen  v/ere  round 
r:1  ,u^3  .G19  GV  1  ietin»  ihe  uniüs  in  the  fr  ne  wer«  nu&bered  so 

tnau  an  mnividual  unit  is  kno  .n  as  Unit  No-  dt  ß. -Gestellen.  . 

5*  Ground  Dquio  ent 


h.l30  lais  Code  naiue  covers  the  Leitstrahl  transmitter  and 
aerial  svitching  unit. 

I.b  s  fhis.  nane  covered  the  complete  ground  equipment 

ioo  feie  Leitstrahl  beam  including  Diesel  Generator 
Unit ,  m  •  du 1 a t o r  etc* 

Oololenz  :  This  v? as  the  code  nare  given  toa  monitering  receivin 
equipment  located  near  the  firing  site  Tor  checking 
the  direction  of  the  Leitstrahl  Beam. 

ITeaole  s  fhis  is  the  ground  transmitter  for  the  Verdoffler 
System. 

Z-Gestell  :  fhis  covers  the  Verdoppler  receiver  and  all  the 
units  for  the  Doffler  velocity  measurements.  It 
includes  the  receiver,  Mixer  unit,  filter  unit  and 
Prequeney  Bridge  with  automatic  operating  circuits. 

Palermo  s.  fhis  v; as  the  code  name  for  the  .transmitter  uded  for 
the  sending  the  control  Signals. 

Heide  :  ihis  -was  the  code  namefor  the  modulator vased  with 

Palermo • 


440 


Pr.  Steinhoff; 


®r.  Steinhoff  was  asked  for  Information  on  the  effeot0^ 
of  the  exhaust  gase«  on  rsdio  conrrunieatlon  wlth  rooksts. 
h»  stated  that  the  work  osrried  out  by  Prof.  VI «weg  on  the 
propertie«  of  Jet«  had  \>een  brought  to  an  end  as  the  re¬ 
eult«  Indloated  that  Interference  Cue  to  thls  cause  would 
not  be  «ufflclent  to  cauee  trouble  wlth  A-4. 

The  a&in  oonoluelon  from  Prof.  Vleweg*  &  werk  was  that 
Interferenz«  only  apreared  when  solid  partlcleg  wer©  oreeent 
ln  the  gae.  Xnterference  was  caused  by  electrical  oh/  *ges 
on  the  »iasile,  but  thls  was  not  «ufficient  to  cause  trouble 
a«  lt  waa  aaall  ooapared  wlth  the  fi«ld  strength  produced 
by  the  Controlling  transmltter  at  th«  maximum  rang«,  Pr. 
Steinhoff  «tated  that  no  teste  on  radlo  abeorptlon  by  the 
Jet  had  been  sade  on  the  teet  stand«  but  all  teste  had  been 
mad«  in  flight.  The  fleld  «trength  at  the  »lasile  had  been 
oontinuou«ly  telesetered  to  the  ground  and  reoorded  against 
height.  The  fleld  «trengths  reoorded  wer«  then  zoapared 
wlth  zalzulated  fleld  «trengths  aseuaing  no  abeorptlon. 

At  the  60  ac/a  frequenzy  uaed  on  A-4,  abeorptlon«  of 
ae  mueh  aa  90%  had  been  aeaeured.  The  aeaauremente  of  ab- 
«orptlon  had  agreed  wlth  theoretloal  valuea  to  mithin  &%. 

M©«t  of  the  wortc  on  thi«  part  of  Ifee  problea  had  been  oarried 
out  at  träte. 

There  is  a  definite  relatlon  between  the  eleotrio  eharge 
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on  the  alefHilf,  and  the  preeenee  of  partlclee  in  the  gas 
stream.  If  there  1s  absorpttoa  Su«  to  the  presenee  o f 
particl@sf  the  abearotlon  is  proportional  to  the  electrlo 
Charge.  Complete  oombustion  gl vee  lass  rarticles  and  leas 
Absorption.  Br.  Streinhoff  dld  not  know  of  anythlng  that 
ooulö  be  äene  to  the  fual  to  reduoe  thl*  trouble,  and  he 
h ad  not  heara  of  any  Experiment«  that  h&d  been  aerried  out 
to  invsßtigste  the  poesibillties  of  addlng  substances  to  the 
ft sei  to  reöuce  thle  trouble* 

A-4  eharged  sip  to  a  voltag«  of  26,000  at  the  beginnlng 
anö  enß  of  eonbustlon,  but  the  value  was  «maller  durlng 
combustion. 

Ho  trouble  was  antleipated  with  Wasserfall  aus  to  ab- 
sorption  or  interferenoe  ae  the  ranges  wer«  short er  than  A-4. 
Wasserfall. 

Br.  B teinhoff  startet  wos%  on  Wasserfall  in  November 
1942.  He  had  hooed  that  Wasserfall  vould  be  ready  for  uee 
in  November  1946.  ?hi*  ijowever  wouid  only  nav*  steer*  ng  by 
an  oper&tor  with  treoking  of  the  alssile  by  optloal  reeans. 

At  night,  thle  would  be  used  in  conjnhotion  with  Illumination 
cf  the  target  by  se&rbfcllgfri*. 

Eleetrlcal  Eroguision. 

About  4  or  ö  yeare  ago»  ?eense&nde  wae  intereeted  ln 
Electric  rocket  propulelon.  2t  was,  however,  only  ln  the  re* 
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at&ge«.  Pr*  Teil  b**n  fche  llalson  ©ff leer  b®~ 
tsr^en  Peenes&nd?  arid  tbla  work.  After  ha  «ras  klll»<%  in 
fche  RA?  ral&#  nobocljr  h&d  baen  a^pointed  in  hl»  piß®»« 

Th«  prlnoiple  woirksr  Xn  thls  Held  haä  been  Prof. 

Hei  «eif  bürg  in  Berlin,  ln  1941,  «vhloh  w&»  the-l&st  oooe^loR 
cm  whioh  hr.  Steißhoff  had  had  Information  on  thi«  subjaet, 
fche  enulpn^nt  had  baen  oonaldered  to  b®  af  practica!  ua© 
for  road  vehScXes  and  submarine«. 

Th®  dasign  had  bsen  raor«  «uitable  for  tfae  producstion 
of  msall  po wer«  for  long  period«  than  for  large  power*  for 
short  poriodg  required  for  rocket s. 


Lr.  Itcinhoff. 
Berr.  Eolzei'» 


2*  Er»  ütelnhoff  ststed  that  h©  h&d  not  don©  work  on 
the  Y  Geräte  sys tarn  of  automatic  control#  This  hed  been 
ceveloped  by  Plendl*  tfcwever,  when  h©  stsrted  work  on  the 
£-4  oroject,  he  investigsted  the  fchen  exisfcing  Y  Gerat© 
eauloment  with  a  view  to  its  uae#  Ke  soon  cam©  to  the  con- 
ciusion,  however»  that  this  ayat m  wag  not  of  aufficlent 
aecuracy  for  the  Control  of  projectiles  and  work  was 
started  to  impro^r©  fcb©  System#  Thea©  iasprovementa  produc ed 
9  heam  which  gaw®  a  stated  accuracy  of  control  of  plus  or 
- inus  Meters  at  a  ran;?e  of  140  K  Meters  from  the  trans- 
mitter#  All  early  testa  of  the  control  ©qulpment  wer© 
carried  out  ln  an  aircraft  and  it  wag  polnted  out  by  Dr# 
Stelnhoff  that  thi®  figure  rapresentad  maximum  ©rror  ln 
flieht  psth  of  the  control led  aircraft  and  not  the  dead 
©rea  of  the  b@ais#  Ohle  ©ppearg  to  b®  an  extreme  ly  high 
degree  of  accuracy  to  achieve  with  a  beam  ayat-em  on  a 
fr equency  of  50  sssc/®,  but  Dr#  Steinhoff  wag  very  definit© 
about  thls  figure. 

2m  Th©  first  testa  wers  cerrIed  out  uaing  th©  radlo 
©qulpment  ln  a  finlnkel  113  aircraft  fitted  with  a  Siemens 
j*-4U  automatic  ptlot*  Th©  automatic  pllot  was  later  changed 
for  an  Improved  typ©#  Correctly  banked  turne  w@r#  used# 

Tli©  results  of  the@®  testa  of  automatic  control  of  an  air- 
eraft  are  of  Interest  in  ccnnection  with  th©  work  now  pro- 
ceedlng  in  both  U*£#  and  iJ#3f#  on  automatic  approach  and 
lendlng  of  aircraft*  The  beam  was  aateumed  parallel  and  th© 
conatanta  ©1*  the  System  wer©  fixed  at  the  best  compromie© 
values  which  wer©  obteined  raainly  aa  a  r©ault  of  experi- 
ment#  It  wag  neeesssry  to  switch  on  the  automatic  control 
with  the  aircraft  in  the  beam  «nd  with  ite  heading  correct 
to  within  1  degre® »  With  this  arrangament,  th©  aircraft 
would  fly  from  about  200  K  Meters  to  about  5  K  Meters  from 
th©  transmitter*  Kowever,  th©  latt©r  part  of  th©  f light 
was  only  Auccessful  if  ther©  was  no  Charge  in  oroea  wind 
during  th©  approach#  Most  of  this  aircraft  work  was  car- 
rl©d  out  in  1040# 

3*  Radio  taste  in  an  A*5  wer©  earrled  out  in  1941# 
Much  troubie  was  ©ncountered  ln  trying  to  find  sultebie 
conetanta  for  th©  control  System  becaus©  of  th©  Tery  larg© 
speed  rang©  involwed#  Suecoadful  control  had  not  been 
achiewad  wh©n  the  A-5  was  abandoned  in  favor  of  th©  A-4# 


1t  has  only  been  found  possible  to  apply  a  very  »mall  üe« 
gre©  of  control  to  A-4,  otborwlse  th©  System  becem©  un- 
s  tafele. 

4»  Both  the  grounö  and  jucket  r&dio  control  equlp- 
ment  had  been  developed  by  Loren®,  Berlin,  to  a  speci- 
flcßtlon  of  requlrements  from  Peenemünde*  Kr.  Holzer*  was 
later  Interrogeted  on  certaln  de teils  of  the  abov©  sub~ 
jects  but  was  very  unwilling  to  apeak  of  sny  experienceo 
they  had  had  during  development. 


Interviewest  IS  May  1946. 
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Bernhard  Teezmann  Fsrfcenkirchan  16  May  1945 

Ist  Enclneor 
Aja  -32 
is  W22 

I,  Bernhard  Teazmann,  was  bom  on  tho  15th  of'  Augus  t 
1912,  the  son  of  a  sculptor  and  plaBterer,  Robert  Teszmann 
of  Zingst  on  tha  Baltic,  Kreis  Franzberg,  Barth»  Shortly  be- 
fora  the  outbreak  of  tha  Ist  World  War,  my  parenta  moved  to 
Berlin«  Beras  I  sttended  Wo»  9  Grade  School  from  wj  8th  year 
CfroiB  October  1918  to  tha  and  of  September  1926)»  Under  tha 
pressure  of  tha  post  w&r  conditlons,  it  was  impossible  for 
me  and  my  tfaree  brothers  and  sie fers  to  go  further  with  a 
higher  educatlon«  Howaver,  my  wiah  was  to  bacoma  an  anginaer» 
At  the  coapletlon  of  my  achooling,  I  became  a  locksmith  and 
apprentica  artist  with  tha  firm,  Oranatain  and  Kopple,  in 
Berlin»  Burffig  thia  time,  on  my  own  time  and  money,  ±  vlsited 
th®  City  Trade  Building  in  Berlin*  in  order  to  prepare  myself 
for  antry  into  a  higher  machine  conatruction  achool»  With 
the  completion  of  my  apprenticeship  in  1930,  I  completed  my 
final*  examlnationa  at  the  Trade  Building  and  went  atill  further 
into  th®  atudiea  of  a  machine  conatruction  engineer  in  the 
Higher  Mach ine  Conatruction  School,  Berlin  (Max  Eyöt)»  in 
th«  beginnlng,  for  many  days,  I  workad  ss  a  tachnician;  later, 
as  an  independent  deaignar  with  my  apprenticeship  fim,  Oren- 
atein  and  Hopple  in  the  diviaion  of  dredglng  machinery  and 
erane  conatruction  aa  well  ae  locomotive  eng  ine  a  and  engine 


«mstraafcioRc  After  twn  yeers  uctlvlty,  (I  still  dld  net 
have  my.  Engineering  Degree)  .  1  received,  in  the  di  vis  Ion  of 

dredglrsg  u*achiaery  and  crane  eonatruction,  an  independent 
work  group,  ln  which  I  prlraarlly  sup  arvisod  all  th©  meving 
sachaniam*  and  all  machlnery  ©mploylng  leversg©  and  special 
operational  arrangements *  -  Lsler,  and  in  betveen,  I  earried 
out  doalgna  and  ealculmtions  for  largp  bas«  platea  for  ©iectrie 
and  m  te&m  drivsn  dredgea-  as  well  as  for  separate  machinery 
p&rts@  Before  I  Xe  ft  tbe  abw«  raentloned  firm,  (in  November 
1936),  I  worked  X&  years  on  Situation  pl&ns  for  large  con- 
structlon  in&tall&tlonc,  tbe  jneans  of  appropriate  ©stlrstions 
of  different  type«  of  dre&ging  machines,  with  tha  additional 
calculatlon  of  daily  and  hourly  work  output  and  individual 
technical  Statements,  which  wer©  rer  ired  as  a  Service  to  our 
Customers •  In  August  1935,  I  passeö  my  state  admittance  engl- 
nmr s  final  earaminatic«,  after  '*  achool  attendanc©  of  tan  Se¬ 
mesters  (5  years)  •  After  ihis  axactlnstlon,  I  siet  Doctor  von 
Braun  (now  Professor  Dr.  v.  Braun)  at  th©  school,  in  order  to 
work  on  th©  sufcjects  of  rocket  development,  ®t  that  tim©  a 
small  York  union.  I  started  work  ßt  tha  artillery  rang©  naar 
Kummersdorf  on  th©  18th  of  November  1935*  The  servic©  Po¬ 
sition  was  attaehed  to  tbe  OKfi  Heereswaffenarat •  Above  all,  I 
was  here  as  a  öesigner  for  the  Jet  propulsion  oven  of  500  Eg 
and  100  Kg  thrust,  also  for  small  armaturaa  and  piping  arrange- 
ments,  which  had  elready  undergon©  a  minor  teet  run. 
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The  present  ground  and  the  ©xlsting  Installation*  In 
Kummersdorf  wer©  too  amall  for  rocket  development,  so  the 
associetea  of  Peenemünde  ©lected  to  mov©  to  the  Üsedoiq/Ostaee 
Island  Tor  the  plannlng  work. 

In  the  middle. of  the  year  1956*  Prof»  v»  Braun  commlaalon'ed 
me  with  tha  planning  work  of  small  and  large  test  benchea*  so 
that  I  was  ordered  by  the  air  force  to  ha  ve  a  construction 
directlve  already  establlshed  after  the  preliminary  work  In 
1936.  Und  er  my  influence*  and  accordlng  to  my  original  «täte- 
ment*  In  eonjunctlon  with  heavy  construction  firras  like 
Wiemer  &  Fracht«*  Berlins  Beton  &  Monierbau,  Stettin;  Gallnow 
5r  Son*  Stettin;  Machine  F&cfcory  Goede,  Rehfeldes  R.o.  Meyer* 
Hamburg;  and  others  who  wäre  to  supply  neceaeary  teat  atanda 
for  testing  R-tanks*  cosaplote  apparatus*  and-  steam  and  pump 
assemblles •  My  duties  also  included  the  arrangement  and  für— 
nishing  of  all  test  stand®*  I.e»  designlng  of  Steel  runwaye, 
the  establishing  of  condulis  and  valve  arrsngements*  as  well 
as  the  aupervisioa  of  erections  undertnken  by  different  firms» 
The  ssm©  applied  to  the  field  testing  at  the  sübsidiary  Station 
Kacierach  near  F’riedrichahafen  on  Lake  Conatance,  and  Vorwerk 
Mitte  in  Lehesten  near  Saalf eld/Thur Ingen • 

To  complete  the  above  mentioned  work,  I  had  a  work  ataff 
of  50  to  35  raen  at  ray  disposal  —  engineers,  deslgnera,  and 
technlcal  draf tarnen» 

Up  to  this  time*  I  was  with  the  OKR  Testing  Station  at 
*  eenemimdej  later  with  the  OKH  Heereswaflenamt,  Peenercunde. 
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W£IH£R  HANS 


Dr.  Ing.  Prof«  I-io  412 


Ärsoy  Service. 


Werk  &t  Peenemündes 


Vfa.°  ProfessQr  at  Technical  High  dchool  at  Grats  un  i! 
1941  wb©n  h©  was  c&lled  up  for  the  aruy.  In  tha  &r"T, 
was  in  Charge  of  an  KT  Malntenance  seciicn  in  Russin  and 
North  Norway,  attaehed  to  an'accu?tic  ränge  f luder  for 
artillery  (known  as  an  Observation  troop) „  He  want  from 
Murmansk  to  peenemunde  in  April  1943.  He  hatl  a  special 
Commission  in  the  army  with  no  rank. 

He  Is  in  Charge  cf  a  group  of  30  to  59  men  engajed  in 
carrylng  out  field  tests  .n  A4*  3few  equipraant  was  sent 
to  this  group  for  field  trial.  Thay  however  knew 
nothing  about  the  design  details  of  the  scparatus  ts^i©d 
but  rare  only  infceras  ed  in  its  performauce. 

This  group  was  also  regarded  as  a  traiuing  urJLt  as 
people  wer©  transferred  from  the  group  to  firing  sites. 
Weirer  has  little  knowledge  of  radio. 

Attaehed  is  a  layout  örawing  of  the  layout  of  A4  firing 
sites,  drawn  by  Prof.  Steirer. 
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Prof.  Dr.  ü*a>  Klarer, 


0.0.  16  Mqr  1945 


1.  I  was  bora  on  the  7t  day  of  February  1902  in  Soldb&d  Hall  in  Tirol.  Hy 
lavier  was  Johann  Vierer*  Ho  was  m  te&oh^r  at  tho  local  sohool  for  woodcraft« 

2.  After  I  coiz  X  e**  ?ublic  School,  I  went  to  graromor  school  at  Soldbad  fall 
in  Tirol  al~c  to  rlehraran  by  Bregenz  cn  tho  öodonseo  and  in  Innsbruck.  I 
coapletod  ay  ai^h  school  at  Kufstein,  Tirol,  wish  honora.  In  Ncvmnber  1921, 

1  enrolled  at  -ä=s  ^ehnlcal  High  School  in  Muni  oh.  I  studisd  electrotachnio 
and  dari%’  ay  time  off,  worked  in  Peveral  mechanieal  workahn  s,  partlcalarly 
in  eleca-ieal  po*ur  houses.  X  co^pleted  r.y  studies  at  the  Technical  High 
School  in  Munich  in  Z uly  1925  »i  X  vo ■  y  high  honors.  I  completod  sy  roctor 
studiss  dnrirg  .ry  - cdus ^rial  r/ork,  and  I  also  wrota  at  the  tioe  a  thesis  on 
"The  ÖectroüsechanicÄl  control  of  high  tansion  networice»  whicn  I  passed  with 
honors  at  ths  Technical  High  School,  Vienna. 

3»  After  I  co^Die^ed  atuäies  in  HurJLch  and  due  to  the  lack  of  work  in  tie 
Austrian  Electric  Innus  try,  I  want  to  Berlin,  an*;  in  August  1925,  went  to 
werk  for  the  äergaann-Slecuj^o-AorlvS  a.G.  v*h°re  I  wcrked  in  the  central  power 
plant,  ify  dut-ie®  wer®  to  study  projects  for  power  plante,  ne  ns  Ion,  and 
tr&nefcrmerSa  Beides  that,  I  was  to  concentrate  on  blind  perforaance  coatrol 
and  Tel tage.  Cn  the  Ist  of  October  1923,  X  left  the  Bergnann-Electric  ^orka 
and  went  to  work  for  the  Sisaens-Schuckert-^orka  A.Q«  in  Berlin-Siemenstadt. 
Again  I  worked  zn  che  cea  ,rax  pow^r  departaant.  I  was  to  salve  the  problew 
of  a  loi^g  distance  high  Pension  power  line.  (220  kv  froo  Brauweiler  near 
Gelegne,  to  Sinkens  on  the  Voralberg),  In  1929,  X  was  serrt  to  the  Siemens* 
Kalais-Corpor&ficxu  dj  problew  ms  to  soleve  the  diatributiou  of  autontiü 
and  craaote  coiurel  of  pow».  statione  of  all  Jdnds  and  Industrial  ins  teile  tlons. 

2  also  worka^  building  all  kinds  of  apparatus  necessary  for  this  project. 

I  wegked  »zte^riroly  on  the  consrruciion  of  s  »b-power  stations,  to  be  used  es 
rooarwes  for  high  tonalen  netvrorks.  I  also  snsde  i  nstallations  for  powerful 
hydramiic  p»sr,pc  i»  be  used  in  place  of  the  net^orke,  should  it  beoone 
nsoessasy.  I  also  Inatal!  ed  apparatus  in  great  and  PTall  power  plant«  for 
remote  contröl. 

Hy  prohLsa  ^aa  aXc  to  cee  'hat  the  industrial  oections  were  oupplied 
with  also  rie  powe  et  all  times.  X  alno  hob  to  manage  work  progreme.  So  fer 
I  nad  no  oonr.sstlon  with  ajy  weapons  techniques.  Towards  the  and  of  ay  Tjork 
with  th#  Slcsensw ur*a,  X  apecialized  on  an  edjustar  whi  h  woold  repleoe  the  old 
rotetlng  nuafcer  adjuiter.  2his  work,  howewer,  was  terninated  «lue  to  the 
outhreek  of  tho  wer. 

4*  In  1940,  X  raeeived  e  call  fi-oa  the  TÄc‘  rical  High  Sehcol  in  drei,  so  I 
left  the  S iemenawer/ie  and  teck  cror  the  professorship  for  :,®lec  tro-ins  UlletLon". 

it  was  only  for  a  short  while,  for  in  April  1941,  2  drafted  into  the 
enqr  «ith  the  reit  of  troop-engineer.  t^er  Adni  ristrat  Ion  Board).  Afterwarda, 
»ne  ma-de  sonne;  angina^r  in  an  obs  rvation  battalion.  Cn  Uio  20th  April  1941# 

I  »as  fcranaferrp^  to  th®  aKperlnantal  aray  ordn&o.ce  Station  Nord  (VKN) 
yojMnmda.  At  tha  21ectro-äachanioal-fforka ,  ferwerly  r'HAPn  (Heimat^ Artillaria» 
?*rk  Aarlshagas)  dtie  to  sy  praotioal  exporlenoa  I  r.«  given  tha  leadarahip 
ln  the  departoeat  for  airborne  Installation  and  grousd  uatworks.  I  hold  thls 
ame  Position  new.  It  da  ny  Job  to  sea  that  the  different  parta  ai4  implaaont 
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y«hlcl»a  u.igd.fcr  ^lectrical  and  radlo  zaasr  »t  ppwatlag»!  shoota  of  A-A, 


I.  St eyrsa^n»  ™  X  is  hss  rnplaced  tha  Sc ruever  Wagen,  and  parfonss 
tha  mm®  fur»etions*  .11  ccntairs  th©  ©lectrical  generaler  and  the 
yoi&ys  oorLisetlng  tbo  control  voh5.de  tfith  tbe  rocket  olrcuits, 

2»  F^uorXeJ tpan*«r  (auch  Koomanöopan zer  genannt),  Light  armored  vehlale 
(1  cm  error)  f?  staining  ihres  control  panals.  (Control,  dr&ving 
fi»cbanism9  radio). 

3#  8A  Magen»  Hedio  tee  Ang  apparatus  and  Ina  ■  rum^nte  for  trajectory 
nissiiiirewQn'f»« 

4»  Trailer  (farryZng  cable  druns* 
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«f  Üis  app&rmtas  «r©  proper  ly  connected.  The  pre  parat  Ions  for  th©  gronrsd 
Installation  •7er®  *rery  ©artensiTe  also,  which  wer©  used  not  only  for  th© 

€JT  different  part®  and  apparatus,  but  also  for  th©  diring  aochanlaa. 

It  mu  als©  difüeult  i©  solv®  th®  problea  *W  supplylng  encugh  current  for 
tfe#  «irtisra®  and  ground  installations.  .Th®  thrae  ata  in  Problems  weret  Th© 
quick  ©f  all  apparatus  in  the'fac  tory  as  well  as  by  thc  troops.  Th© 

saf©  and  mir©  firing  of  th©  projectile  and  tha  workability  of  the  ground  netsorka, 
so  tbere  wouXd  h®  so  disturbances  which  would  oither  damage  the  apparatus  or  aak© 
tfe©  projectile  &$ss  tha  targo%  It  was  also  the  duty  of  wy  department  t©  mak© 
t fee  ©lactrlcaX  teste  on  all  testirg  Stands« 


Signed:  H.  «ierer, 
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I.*i  »  ‘'Xu:  i  ii-i%  l#  ji-. !  d  -L-V ~  *  IdJ,  11  Juno  1945,  at  Garmisch 
17*  G.H.üalth  and  kt.  (&)  i  -ilkinscn. 

^r*  -i  -  stat  id  th'it  I-rof.  Gladsnbock,  in  mid  1944  f  had  be  .n 
-üt'oiat  cccrdirator  cf  :  ii  tiu  rumorous  horning  or  targot  sooking 

ih-.o  titla  of  the  ;jcb  wus  B  :it*  or  Bevollmäachtigte  für 
* Qmateu  orungsf  orschune; •  (  It  moy  .'  Iso  ba  not cd  höre  thnt  Gen.  Dora- 
öer-sr  had  st  tod  in  n  rrovious  intarviow  that  in  Jon.  1945  this  job 
had  bo  :n  turued  cvei  tc  him  in  addition  to  tho  ccordination  of  all 
rocket  York) 

Dr.  seiss’s  werk  on  automatic  targ  it  sa  .kirn;  systoms  fall  natural  ly 
into  tteo  general  clasaeas  ;)  fcr  ground  to  plano  mlssilos»  and  in 
P'.rticular  the  -.aßsorfall  &nd  2)  for  plane  to  plane  miasiles,  as  the  X-4 « 
irifuf  ~  -  J^i-  ^  G:<cu;tp  10  paaret 

The  initial  phaso  of  the  werk  on  .'«aaserfall  contenplatod  laur-ching 
in  a  vortic  1  dir  octicn  and  by  ajans  of  tracking  devicos,  which  could  be 
oithor  optical  or  r;  dar,  bringi^ig  tho  missile  into  Xine  of  sight  course 
*lth  rospect  to  tho  tarnst.  Twc  tracking  dovicea  are  thua  roquired,  one 
tracking  tho  tnrgot  and  ono  tracking  tho  misslle.  Aremote  control 
otoir.  opor  itinp  in  con^unetion  with  a  Computer  and  indlcator  makes  it 
c  saiblo  to  er  in-  tu.  misslle  cnto  a  II110  of  sight  course«,  when  the  miss! 
1  t3  Yithiii  %h<?  or  oraliiip  ronuo  of  tho  automatic  target  seeking  oquipment 
t  oiao  :uiriL.u:t  .ihould  tako  ov  r  and  ccntrol  the  misslle  on  a  constaht 
t.-iring  cours?  irto  collision  with  tho  tagget»  üeveral  mothods  of 
br inging  ih  2  heminr  öyßto",  ente  t^o  t ärgst,  or  gotting  the  tarf  et  withln 
tat  G  ciorroo  fiold  cf  vi  -v;  of  ■.  r*  homing  3ystem  wero  considored.This 
fonoral  protlom  wca  knovsr,  00  drück o.  Cf  tho  soveral  typss  of  homing 
j.y3t.3L3  corisid  ir  ;dfit  0  decid  ci  to  attempt  a  constant  beoring  syst  om* 
Cthor  tyr  os  wculd  of  ccurso  be  eithur  one  in  which  the  axis  of  tho  homing 
dovic  .  v/us  ccinciciont  witü  t;>  3  fixia  of  the  misslle  or  one  in  which  the 
ixia  cf  ;,ha  nomine  d  vice  v.os  maintained  in  tho  diroction  of  the  f light 
ath,  or  v  in-  stror  m. 

arlv  i:  ttn  gano  ix.  \>r.3  r  ;cofniz -*d  that  use  of  a  line  of  sight 
ccurse  rosult  od  1.  tho  litt  or  ^  ortirr:-  cf  tho  tra^ectory  in  a  feirly 
oio  jo  ap;  roximotion  to  ^  ccpst-int  b^  rij.r  courso.  'ühe  closor  the  miaalle 
«  t:  to  tho  tor  it  tue  r:o  iror  Lu-  :iro  rexiaation  heida.  Ihis  fact  can  per- 
L  :..t  I  t  urda-sto  vrj  jo  tli.g  t'r-.t  t  a  groat  distance  from  the 
i  pcint  su cc^.-jsiv»  osi tiens  of  tho  lino  of  sight  path  are 
n  -cd  r.:llol.  üo  i.r  t.-e  ;.c.i -in;*  c  -vic  ?  can  by  some.  moans  be  dirocted 
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io  bring  t:ir:  nt  wi-i.iiji  i ts  i'i  ;id  of  v.i  ,w  it  v?ili  be  autoi .  -,tic  i  L  ,301; 
%»*,  OjQ  **  coiliaicrj  conr-ce  with  th  ?  corr ‘st  1  ?ud  angl:* 

Krücke  -%  tha  first  attonpt  ut  accciRplishing  this  ee-nsisi  ?d  of 
tr&ne&ittJLiig  Irom  tha  rrouad  a  r  dio  sifTi.ru.  (in  the  n  >if  hborhocd  of 
3  metors  wavalongth)  roceivcr  in  th©  juissile  opersting  fron  tv/o  antonnss 
and  oper at Ing  ea  &  phoso  dillersnco  direction  ttKfebiK  principio  bindinc 
turned  th?  exis  of  tha  hozoing  System  in  tan  diraction  of  tin  iiiciident 
waves  •  öae  fig®  i.  :o  öliminato  t ha  undesirablo  off’Tct  of  thy  unavoid&blo 
yaw  of  the  missilo  during  control  it  wos  necosaary  to  pro  vir;  n  &  reference 
of  the  flif/ht  p*?th  of  the  missile  by  me  ans  of  a  vane  in  the  v.infstroom 
very  simil&r  to  wsatherccek*  Cncs  within  tho  oparating  ran^e  of  the 
hoiuing  davica  error  volt  jgos  fron  this  deviee  oporat  -*d  th  ■;  control 
aurfaces  through  a  Computer  so  aa  to  ad^ust  the  f light  r.ath  in  such  a 
Uüi.nn>r  us  to  restore  :?rror  with  rasplet  to  trvo  nfer  -r.c  ;  lino  from 
launching  point  to  t  arg -st*  1  number  cf  difriculti  ?a  aoou  becu.m  ?  pif-rant 
v/hich  r-esulted  in  tho  sv  -eitual  abandcxunent  of  t-uis  syste^,  •  iison©  these 
worei  »)  -intenna  sij&e  äue  to  langth  of  wav-es  usod,  and  d)  inaccuraei  ;u 
r  **ultir.g  froia  djforraation  cf  tho  w.ve  front  duo  to  ior  •  z  )d  ass^a  cf 
;  -Spoliant«  (  5  Ith  respect  to  tho  2nd  difilculty,  thaoxobical  com:. -nt  -.tions 
rosulted  in  tho  conclusicn  tbat  it  was  impoasibl  3  to  obt -..in  the  ü  -»sir-'d 
accuracy  of  0*1  degreo  in  the  prasar.ce  cf  th  iioniaaö  g  -isa-sa *  .  ith  th-  usa 
of  cm  wavoa  bettor  accuracy  was  oxpecfcod  but  -t  was  still  coni-ut  ?d  that 
the  dasired  accuracy  could  not  be  obtainad*)  In  ord  ir  to  f  it  cround  le  :*: 
difficulties  two  uothods  vrar.)  considered;  thosa  wa re  kncv.n  as  Krack©  h« 
Both  of  these  methods  woro  dssign.id  cround  the  -iciea  of  a  Qrro-stobiiia  id 

Krücke  Bi  (  first  method) 

fhis  method  contaiaplat^d  a  gyrc  platfcrm  in  the  missil  j9  sot  ;  cior 
to  leunching  to  be  parallel  to  the  f round  p  1? in e f #unc ogod  b^for.i  1  ..unoti/u:; 

or  whlle  the  miasiie  was  still  in  vertical  fli  ht  so  th st  tho  ori  ;nt  tion 

of  the  ground  plane  would  b  j  prosc-rved  fro  raference  ; Ithin  the  missil  ; 
durin^'  its  entire  fli{:ht. 

f  he  anglo  of  the  iine  of  sipht  b  -twe  n  1  lunchijjf  point  ■  no  taif  :t 
relative  to  the  ground  plane  is  vailablo  on  t^-e  p round  frem  tm  tracx in; 
de  vice,  be  it  opticnl  or  rodor*  If  tVds  angular  im  orra-eticii  is  transi.it.  i  -ei 
«w  the  iaissile  and  the  missile  haa  contai  ned  witain  its  ilf  &  pyro 

atabilized  platform  preserving  th  >  ground  r ef  er  mca  plane f  the  tu  ul  ;r 
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inforin  t.icn  trarnnittoc  c  ai  fc  .;  us  ;c  to  ..-ositicn  iht  oia  c-f  X  iordrtg 
■  -vic  r  l.itivj  t.-  t ‘;o  rof  sronca  plan;  öndthus  polnt  thj  sxis  cf  i  >  * 

--c  min  u  ,vi ca  ln  th-;-  o'"-ru  -  dir  votier;  as  the  of  aight  peth  er  ttr/  .-rd 

v%n  traget.  .vt  th=;  timo  tiiJ  hc-ftd.iT  d  vic  .  tv-k  cvr,  th?  tr-  -iiGiJisaioiQ 
U---«'-  ts  :  grcTiid  ea-~  and  tho  l.test  po  silier.  cd  tlv?  nxis  of  tUe 
■' i ■  -.ine  d-rvies  r  ri-ttivi  to  th;  g^rontubiliaod  rreurc  plano  is  r--.-tr.ir.Tc  » 

-s  i  •  2.  rrer  snieiTiatics  c  :,riv  :d  Ire.:,  t«>»  heiaü-g  drsi.es  directly 
-ctu :  t :a  tho  centre 1  3iirik_e  ;s  kh:;\np  h  Computer  sc  ns.  to  corr-:i.*>t  ih  j 
1  -i .  — i  p.stk  ci‘  ika  nis-v.ii  ;  to  a-irc  snor  of  Ihr  heroiny  c:  :vioe*  ..  his 
r  Tkj  in  I  c;T..a;jj;  bcc-rlllr  ccurse  to  *c'io  tsffjat  as  it  cp.t  ends 

1  -i-  .i  kii.git  \th  vdsLek  r  .-auits  Ln  •:  baarirg  iin ?  Xrem  missiio  to 

3  x  -t  v;liCj3  dir  rction  is  f'ixed  in  spcca.  Vhis  ia  a  n  r  -.t  ac.dnti.cn  of 

.  z  k:  -.r  old  vrinciple*  Hperavor  dis’-dvantagas  -r^  proa  ?r;tf  chi-iily 
ir.  s  sijso  and  ccmploxity  of  o  niipia  >nt  in  ti.o  missil 

krlchs  d;  (  s  acond  xaathod) 

idls  säothod  also  us  js  gyro-st  abili zstien  but  in  &  dif  i‘ar  int 
iuErrr.  dao  fig  4«adDddBK  *  pl--.it form  -ab  thi  grciind  Station  is  uado  to 

2  iicw  Uio  Dotion  of  the  ground  oquipnent  whioh  is  tr  -cking  tho  targat, 
a ■*  -  ?rr  mdicular  to  the  plane  of  tk*3  plgticrn  is  thus  ki-Tays  dir  .;ct  ;d 

~  ro  zha  tax*;  ot*  Upen  Ui;  jlatform  axv>  lacunt  x:  tv;o  r.y ros #s  -eh  witii 
Jk  *ir  arln  axes  initially  in  th ;  srnao  diraction  »3  tho  *  :ip ancücuiar 
to  tho  plana  cf  tho  platfonr:.  ‘ihr  gyros  hev  ?  only  two  der. r^-5s  of 
fr  r  -ocd  vchich  is  tho  saao  tliiiij.  aa  daying  that  tho  cuter  f  iab- 1  irr 
rij  iclv  fixe d  to  the  pl^tform.  Also  tlio  diroction  of  cpnatraint  of 
tho  Vre  gyroa  'jpo  tsjtually  p orj? end icular •  Ückcxia  aro  r-revid  .d  cp 
Ä:3ä  tv-o  gyros  such  that  tho  angular  Position  cf  ti.  o  pl..»tfoiti  relative 
tc  t.'B  gyros  is  rivon  in  tho  fern  of  tv/o  an{  pilar  con  cn  nLs,  vliis 
ii.fori.  :tion  is  tx’ansnitt  ?c  by  a  pulse  radle  contrcl  s.  st  in  on 
R/. >1*0 xiniat oly  a  2  ei  ;tor  wavel ongth.  .ho  fin-1  contrcl  s;/sts.:  U-ti  net 
t -*  r  it  -rixin  5d  ivt  a  tontativo  sys  ton  b-  sed  on  4  s-.p-rrot-j  f.xh  ohannxls 
v  s  tcbi  U33G  in  initial  d  ^volcpnont  •  *ho  rdssilo  J  a  also  •  rovic«  .-d  v;Lt’ 

.  slmil  r  ti  tferm  and  jyre  syston.  «4S0  i'ig  l«  «.ov:  ii  t-ho  .1  tioniiS  -«nd 
fyroa  ir»  the  niasiie  and  on  tho  1  round  aro  ori  ontalod  in  tho  sa  o 
osition  p;rior  to  launciiinp  9  xc;  tr-uastiiosicn  oi*  -oif  ular  ir.form  .tion 
.  jc;.tinuou3  tho  platform  in  islasiio  '  ‘hon  do*iv  »n  V»y  motors  v/hich 
noY ;  tiae  p  lat  form  r  ilc  tive  to  tho  yyros,  will  alv/nys  !x.^vo  its  p  orponu- 
icul  r  Crvic-j  in  a  its  uxia  rigidly  affixod  to  the  platforn  and  co^:ial 

"  t  kj  pori  ondicular  to  tho  plc.tlor»if 
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-o  kr.  *  hor.ii;  •  3 1*  uh  hä  bxc/^s  orcr.i'l.iV',  oransniaaion  fron  th- 

;  i'or/w;  .-3*  iv:  ',eei t'ioi;  .et  tn<*  ?.’Kia  oi  tIi-3  höndnc  ßyot  un 

ia  ßUcdliseÄ  ir-  sp-ico.  i  Ic^clis  i'rer.  oho  rilidfona  in  the  fern  of 
eertosi  Xi  üoordin&tns  iuruioh  a  r  >i  .,r-u»co  fron  which  tho  heuing 
s;yat  cp  •-■rat  58.  Aß  b:?lcre,  irrer  iaionvition  Iren  th)  homing  äevicr 

io  naht'  tc  •’*  i,ht  eentrel  suriNces  thou  a  Computer  in  auch  a 

K’-rui  •.*  ao  tc  tho  flicht  patk  tc  r-ujicro  *cro  error  in  tho 

heeifu:  oysto».  bis  r  „au3  to  in  a  ccn»tant  baariog  course  to 

tk  .  t  - av  at  * 
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üiiSfUsG  £-:*U1j  ■'>  l1!.  -  ■=:*.  rü  riLriMK 

The  tarnet  se-king  e  ^uipment  Tor  plane  to  plane  servier  was  worked  < 
ut  along  the  same  principles  as  the  ^round  to  t  lane  devi  ;eo  v.  Ltn  t,ne 
exception  that  the  Kracke  prcblesn  was  absent.  The  axis  of  the  homin  ■:  >i 
head  was  gy  ro  stabilized  in  ordee  to  pro  viele  a  fixed  referenee  line  in 
space  as  described  in  the  previous  ground  to  plane  discus  ion.  However, 
in  Order  to  maxe  the  equipment  less  buixy  and  of  llghter-  weicht,  tho 
rotating  parts  of  the  soanner  are  used  as  part  of  the  raass  of  the  gyro 
and  the  stabilizing  fo^ce  is  obtained  through  the  gyro  itself  in  place 
of  fßerely  using  the  gyro  as  reference  with  pickoifö  and  driving  wechanism 
driving  the  device  to  be  stibilized.  f  e  homing  head,  the-efor,  may  be 
mounted  in  gimbals  and  is  stabilized  in  space  irrespectiv-,  of  the  motion 
of  the  roissile. 

veiss  stated  that  fo*'  plane  to  plane  Operation  they  had  come  to  the 
decision  that  a  field  of  view  of  approximately  10  to  15  degrees  was 
desi^able.  with  tnis  field  of  view  they  expected  to  obtain  a  ränge  of 
about  2  Kilometers  which  they  feit  would  be  satisfactory.  kn  accuracy 
of  0.2  de a ree  was  expected.  A  previous  interrogation  by  Dr.  Zvicky  has 
described  certain  details  of  this  System,  which  will  not  be  repeated  here. 
"he  technique  of  launching  in  order  to  bring  the  targot  within  the  field 
of  view  of  the  homing  device  is  as  follows*  the  launchin  plane  is  brought 
to  within  the  operating  of  ränge  of  the  homing  device  on  a  course  directly 
toward  the  target.  When  it  has  been  observed  that  the  homing  device  has 
picked  up  the  target,  tho  nusaile  ie  released.  Ihe  launching  of  the 
missile  on  a  col Vision  course  is  not  necessary.  Atsack  my  be  made  from 
any  angle,  and  the  homing  device  is  designed  to  each  a  collision  course  1 
in  the  best  and  quiekest  ßuanner*.  This  is  done  by  raeans  of  the  coRputor,  j 
which  is  inserted  between  the  output  of  tne  homing  device  and  the  control 
surfaces.  Aeiss  described  the  oper*t.i-<n  of  the  computor  as  a  function 
S-if*  (eft)  .here  epsilon  ie  the  error  observed  by  the  homing  device,  or 
a  quantity  proportional  to  che  angle  off  target,  and  t  is  time.  He  does  » 
not  know  the  oxact  naturd  of  thie  function,  except  that  is  musti  (1) 
result  in  a  stähle  course,  (2)  give  the  best  possible  puMUilt  course, 

(5)  take  infco  e jneidoraticm  the  perticular  characteristics  of  the  proj-  I 
ectlle  on  which  it  is  used,  an4  sügge  la  that  Pr.  Goissler  is  the  best 
source  for  further  Information# 

while  this  homing  System  was  o- -iginail^ iesigned  with  the  Intention 
to  apply  it  to  the  X-4  mieaile,  the  rol.  ling  of  tho  missile  pr  itoo 
ifcs  final  Application,  as  the  added  difficultioe  made  ueces  .ry  bs  ,:-o 
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roliing  notion  neoer-iitated  ad  -itional  conplexity  fo r  proper  Operation* 
Incorporated  in  the  Infra  rod  heminft  devtees  under  his  cognissance 
ere  sevsral  fcypes  of  ncanning  Systems,  fhe  fl  st  typ®  consisfced  of  a 
rotasing  shutter  which  had  the  shape  shown  Ln  figure  1.  The  ahaded 
Portion  of  tho  shut  er  ia  opaque  and  the  remalnder  fcransparanfc.  Th© 
shutter  hen.  ÄtS&fcX  rotating  Interrupts  the  Infra  red  fcarget  pioture  whieh 
has  been  t ocused  on  a  screen  in  front  of  the  shutter*  Th®  Interrupt©«! 
Infra  red  besm  Is  intercepted  by  a  photecell  with  fche  resulfc  that  fch©  out» 
^ut  of  the  photocoll  has  an  approxJLmate  square  wave  whose  dufcy  cycle  will 
fu  nish  ihö  Information,  as  to  the  dietance  of  the  targofc  from  the  center 
of  the  screen  and  the  phase  when  eompared  to  an  arbitrary  referenc®  phaso 
on  the  ratation  of  the  shutter  will  furnish  the  Information  as  fco  the 
anglo  of  the  target*  Thus  the  t&rget  picture  focused  on  the  screen  has 
its  Position  given  in  polar  Coordinates  at  the  output  of  the  photoeell* 

Pho  is  fchus  the  duty  cycle  and  theta  the  phase  difference  with  espect 
to  fche  refei~:nce  phar.e  of  the  ahutter* 

it  was  feit  by  Pr.  *?eios  that  befcter  accuracy  could  be  attained  with 
a  fflore  complex  shutter  Struktur*,  -»hich  he  clained  as  his  developemtoat. 

The  sfciucture  of  fcbis  shutter  ia  shown  on  f igure  2.  Here  also  the  ahaded 
ortions  a  e  opaque  and  the  unshaded  portionn  transparent.  As  before  fche 
Infra  red  tarnet  pi  fcure  is  focused  on  a  scr een  in  front  of  fche  shuttrer 
and  the  shutter  when  cofcatrd  Interrupts  the  j  fra  red  beam  to  fche  photo- 
celi.  -  t  fche  confcer  of  the  shutter  the  central  angle  of  euch  - shaded 
^ortion  Ls  identical  and  the  spar, ing  about  the  center  is  unifo  -flu  It 
will  be  nofced  fron  figure  2  that  as  we  prnceed  from  fche  center  radially 
«ach  opaque  porfclon  has  a  different  shape  and  siae*  The  smallöst  opaque 
seefcor  is  oiroetiy  opposite  the  large st  onef  and  th®  remaining  ones  ar© 
greater-  fror  fchis  minim um  to  maximum  vaiue •  tfhen  fche  cargefc  appears  afc 
tho  cent  r  cf  fche  acreon,  no  output  results.  When  the  bargst;  Image  ia 
a,voy  fror  th-  center  of  fche  screen,  fch©  output  of  th®  cell  will  appear 
as  a  f re  niency-irodulated  square  wave.  Aß  the  diafcance  of  fch©  target 
imrigo  froa  the  center  inc'-ease,  the  f rcquency  doviation  of  the  «#'M  square 
*vyve  increase;  fo  thermoro,  the  ohufcbor  is  consfcructed  so  that  fche  freq- 
uency  doviation  i  b  directly  proportional  fco  tho  disfcance  of  .the  targefc 
Lüni'.Q  fron  tho  center  of  the  shufcte  .  Tho  phase  of  fche  frequency  modul» 
Hfcion  vUl  ,:ive  fch®  angle  off  target  when  röferred  fco  an  arbitrary  refer- 
co  phase  of  the  anubter  siwffc.  Thercforo,  polar  coordin&te  Information 
obt-iiacd  -‘.  hi  r-  •  ivea  fo  the  f ro  n-nc.y  doviation,  and  IKAflil  theta 
lvoti  b./  ..4*o  ..h  :  -  wf  tr:o  fr  :ueuc.-  mpdoi^tion.  A  oporfc  on  an  infra 
r'  •••;/ '  It-m  n  :ft  t  .  -  of  s-rn  iirs';  has  been  prepared  from  l'W  interr- 
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©gabion  and  ?  eference  ©an  be  made  theret©  for  further  Information« 

Another*  typ©  of  scan  investlgated  fej  dr«  weise  iß  shown  by  the 
itter  diagram  of  figu  e  3*  fbe  shaded  porticm  is  opaquo  and  the  narb 
ed  portion  transparent  as  hefore*  When  the  bärget  lg  focuoed  et  th© 
©enter  of  the  screen»  &  sonst an t  ouptut  results*  The  bärget  img#  ahouldj 
aÄ  be  very  nearly  th*»  ii/.e  of  the  transparent  portion  of  tb©  shutte” 

Vhon  the  bärget  Image  is  away  f roa  the  eenter  of  the  gerben,  an  alternntll 
outpnt  volt  ge  reeults*  fhe  amplitude  of  the  output  voltnge  glves  the 
distance  off  bärget*  or  Tfeos  and  the  .;h«se  of  the  altermting  volfcage 
when  ■’eferred  to  an  arbitrary  ^efereneo  on  the  shutter  shaft  giws  the 
an<cie  off  bärget*  or  tbeta  in  polar  coordinatee* 

fhe  eame  -esult  ss  in  method  3  can  be  accoir.pl ished  vj  i.hout  a  shutter 
by  placinr  the  Infra  red  lens  ceoenfcrieally  with  reapect  to  the  axis  of 
ehe  hz^ing  devlce  and  rotiting  it.  The  photocell  canter  Ls  fchen  placed 
on  the  axis  of  fchs  hosing  devlce  and  in  the  plane  of  the  foeused  bargst 
ima-’e.  fhe  photocell  ehould  be  approximntely  the  slsre  of  the  bärget  ima 
ihe  output  ol*  the  photocell  is  then  identicnl  ,vith  mefchod  no.  3* 
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IHTBR ROGATION  OF  DR»  HELMUT  WFISg  -21  May  1945  and  25  May  1945. 
By—  S/L  Sharp e,  F/Lt  •  Stokes,  Dr*  Porter  at  Partenkirchen. 


Dr.  Weiß2  described  his  work  as  consisting  of  the  design  and 
application  ol  homing  Systems ,  principally  of  the  i  ifra-red  type, 
fie  described  three  general  classes  of  homing  missiles:  one 

which  the  axis  of  the  homing  deviceis  coincident  with.  the  axis 
of  the  missile,  one  in  which  the  axis  of  the  homing  deviceis  controlled 
by  an  air  foil  so  that  itpoints  along  the  target  to  the*  f  lighbpath, 
and  third,  the  type  known  as  constant  bearing  approach,  in  which  the 
axis  of  the  homing  device  is  fixed  in  space  by  gyro  stabilizaticn. 

For  a  description  of  this  last  System  see  report  of  this  date  on  Dr. 
Geiseier» 

He  mentioned  that  he  had  been  interested  in  homing  devices  for 
air  to  air  missiles9  and  regarded  them  as  the  most  useful  application, 
particuiarly  if  a  ränge  of  2  km  is  obtained  so  that  the  missile  can  be 
fired  from  a  safe  distance.  The  X-4  was  mentioned  as  a  possibie  missile 
in  this  dass« 

The  infra-red  homing  System  for  theWasserfall  h'is  been  tested  ih 
the  laboratory  but  no  flight  model  has  beon  completed.  The  link  to  the 
steering  was  worked  out  only  theoretically.  For  this  Installation, 
the  sntire  a©&©  section  was  to  be  made  of  special  glass(  pux  probably 
iron-free  fl int  glass)  of  which  several  samples  were  tested.  One  sample 
had  been  supplied  by  irof »  Kliefoth,  of  Breslau*!  infra-red  properties 
were  satigfactory,  mechanical  properties  had  not  yet  been  tested. 

This  nose  section  was  to  be  8  to  10  mm  thickt  and  could  be  moulded, 
blown  or  centrif ically  cast«  The  max*  temperatures  for  the  nose  was 
calculated  to  be  about  200 °C.  which  the  glass  could  stand  without 
difficulty.  Presumably  the  lenses,  if  any  were  used  would  be  of  the 
same  glass  $  in  the  laboratory  Systems  mirrors  were  used. 

The  ränge  of  infra-red  homingsystems,  in  genwsal  is  one  to  twonty 
kilomeiiers,  depending  on  the  angle  included  in  the  field  of  view» 

For  Wasserfall  the  ränge  was  supposed  to  be  3  2a  with  a  6°field. 

Br.  Bosenthal  was  following  the  work  on  infra-red  de vif es  which 
was  being  madeat  Leitz. 

Only  two  infra-red  cells  were  available  for  this  development 9 
the  Zeiss-Ikon  front  Dr.  Görlich  and  the  Elektro-Akustik  froa  th© 

Company  of  that  name  at  Namslau.  A.B.G*  wer©  also  working  on  a  cell9  as 
were  many  others.  Prof.  Wesch*s  cells,  according  to  Dr.  Weisz,  were 
"still  fighting  for  recognition".  ßaron  Von  Pffcifer  who  had  a  direct 
Order  from  Flak  Kommando ,  has  developed  a  long  ränge  infra-red  device 
with  a  small  angle 9  and  has  degigned  a  clever  scanning  device  to  be 
used  with  it. 

A  radio  homing  mefchod  for  Wasserfall  was  being  developed  by 
Blanpunkt  in  Berlin.  Itwas  a  passive  short  wave  system9  my  among 
otherthings  designed  to  home  on  our  "Keadow"  System.  Dr.  Weisz  had  never 
seen  this  device  but  said  he  had  heard  the  name  "Stiel  Strahlern"  (Rod 
transmitters)  used  in  connection  with  it.  For  the  radio  installation, 
glass,  wood,  or  artificial  resin  noses  were  tjeing  considered. 


Inter rogaticn  of  Dr»  Helmut  Wei£,  ccntinued« - 

Although  no  decision  had  been  reached  a.  t?f^?Sbot  typ©  of  control 
*■ -.s  to  be  uoed,  and  in  fact  none  were  ready  for  use,  it  seems  lilcely  that 
a  Kombination  of  llnc-of -si -jiit  for  tbe  first  part  of  tho  curve»  and  con- 
st&ntbearing.  bo:cing  would  hava  boen  st  least  given  a  trial  had  time 
pemsitted,  Br.  Weise  also  nientioned  tbe  problem  of  gefcting  tbe  target 
into  tnc  ficld  of  the  homing  de vice  initially,  and  its  two  Solutions» 

W/s  of  angle  data  from  the  g  ound  and  D/F  on  the  ground  transmitter, 
ixentioned  in  the  report  on  Dr.  Goissler*  Difficulty  was  expected  in 
radio  control  through  the  I  ionized  gases  of  the  beam.  0]£XXä  Br*  Weiss 
said  that  the  re  were  methods  fov  overccming  this  difficulty,  but  he 
preferred  not  to  discuss  them. 

Acousbic  ho®  Ing  aetii  ds  .vere  not  favored  by  Br,  Weiss  for  obvious 
b&sic  reasons,  in  spite  of  the  fact  that  they  were  hlghly  regarded  in 
official  ci^cles. 


R.W.  PORT.BR 


JUii 


t«ckir«bt*n 

K17  191b«  IM» 

Ui  lir  y  i  i  m  wnh  j&.  nmhmrn  *  » 

jB*B2£tt&2£l  **•  ’•  SvlDqr« 

aaw<«tyf 

(Äftwi  %pi«s  Ä#^l««)  fbr  "nmMl*  a»Ä  tfa»  proj^etlU«  trom 
plm*  tm  litt«« 

3L?,A,.i,.l,4  Mt  !*•• 


1  5  SfttWrcefcftlt*  (»«aaelfli  epftaia«  <3  v«re  tbe  «bol«  fl&ld,  85» 
58  50  m  500  tl**5  P8T  IfMOQ«)  Sxaftpl^ 

Ap4r**r#  ©?  Iceta  SS« 

PB551  l5R5th  «  5  m 

(liflalliifi  58  1m|»  Nliilv«l|  pec®>) 

fTüm1<a§  Al«k  «Im  AlMwitr  wlth  «ft  5n«ttla?  %«te&  tt»ld  of 
«f  fU»  «f 

*  :  flrtüiU  «sf  «5«ä  •  «eadtefclor  ®u*fc  11  Ibl»  Htmil  pbol« 
5ff55%  «Md  «S  5fr «ft««  öf  H«i«l«OM  VHlCt«rM» 

Ml  banAftl  Dm  IfVMl  U-fMMd  vMUIIm  tasUj 
i»  5fek2h  5«R  5«  «HfMImd« 
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t£  OiX'j  reotriota  ouesüL<  v~>  a  iiexd  of  0g,5v  then  an  atrplan« 

oun  ho  picäcd  up  it  a  dlotancc  o..  15  Xiä* 

s.  appro*i:autöly 

Geoiuhtai'eld  in&ol  3»  Reichweite  ~  Hcnstafet 

(fleld  angt©  je  r»:i&e  s  aonatont)« 

li;  a  la  >  Hold  -is  de^nded  the  photo  cell  haa  to  fee  un~ 
noeeeaarlly  largo  zuA  the  current  am  11. 

a  s  euaplifier  and  PO  ou?*reut  er  voitage  indioators  whlah  reglater 
t^o  Coordinates  o:c  the  ii*ige  iohjeet)» 

-.sseübiaily  the  afeov©  mhmm  mo  uaed  generali/  ln  (ierraany* 
and  the  äppar&tus  ms  relative  ly  rea&ily  arollafela.  ‘tflth 
mirrors,  ore  trl<*d  of  the  Sobald t  oa.ara  type  *y#  the 

■chm^asGiiild  type* 

i  •  The  ‘j?oal  iflrohlera-  *ra3  to  f  ed  the  äignulo  i&to  v&e 
.«eohanla  .i3  of  oha  aii^allea*  Tb  ms  not  mUsod  ln  Gormaay  how 
n*aii,y  funda^ital  dii'jioultiGC  thia  problea  inroVred*  Beeil 
öhun^ß  of  poeiblon  of  the  tarnet  i’alelfies  or  influenoea  the 
aignala  ln  the  rooelTl^i  deVicea.  On  ehaoge  of  the  inooming 
infra-r^C  heara  the  in&icatad  Signal  valuea  oha nge  very  qule&ly 
i  .a  u:/  ralac  hnvoo  Ith  che  stabt lity  of  tho  ooitrols  hotttag 
:ho  ,:il3Qiia.  Höre  tho  real  probier  bovine*  seist  was  well  on  the 
ay  to  aolvftng  the  probier*  Test  ere  eaaeßtially  oonduoted 
'Ith  ho  ln;j  dosile  at  night*  MConbr  ist”  reoetver,8  fer  um 
in  a^tljio  were  eonoidered* 

gharenolagloal  Rouar&a*  Solution  of  the  dl ff  io ult  probiere 
ttontloned.  u  jpeored  the  easlcst  rith  ootical  ne  tho  de  of  the  type 
deaoribed«  aoeordin  to  the  'eeneuund©  group*  ~do*%  attention 
in  German/,  ho  wovor*  -aa  paid  to  aodustioal  devioee»  hioh 
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Br,  >”618«  oonsl&er«  as  an  uniortuüatt  oholoo.  Wlth  kiöctrioui 
fromlng  &«Ylee«,  relutlv&l/  rapid  pro^sas  ms  im&u  oniy  vory 
reocntXy,  and  W«iss  group  ms  engoged  %o  ork  out  tha  lir.king 
of  .the  radio  reoeptlon  und  the  aeohaxtloal  oontrol 

meohanlsäs« 


Ing'  2o£ka< 


2«  Öpara&iosal  data  cf  the  **i ngly  eoaatruatad  pari«  ©f  tht  driviag  g«.*r 
fOf  th#  %«%9 

OfMU 

Cm&  preasnr©  15«45  ata»  whan  puiting  thront 

125.2  kg. 

fl»öiPt  '  25,700  kg 

2at£e  <rf  Sspanaion 


I&  Iml  Jet  ja  s  0.83 

pi  Bo* 

ThecvetieaX  ezhauit  Tslooiiy  «kan  mi<ag 
Stetfeanol  sixttsra 

ata 

2245  *4m 

ÄetmX  eshanet  wlocity 

2000  mfvm 

Temperatur« 

3000°0 

Harr  owe»  t  dianater  of  the  Jet 

400  aou 

Widesit  dianater  of  the  Jet 

apprak 

700  ms 

Böflwt  galn  at  th*  dnd  of  tfa  * 

42Ö0  kg 

f  Injeetlon  praaanr»  of  0g 

s 

2.4  at 

f  Injeetion  praeaore  ir» 

'2ä  at 

p  0§®Üxjg  au&tl@  Br.  ] 

a 

4  at 

Og  Punp  nheel  dlanatar 

« 

284m 

Haoaeaary  pre-praasur®  agalast  eellapsing 

B 

2*5  ata 

Barolution«  during  f  light 

S 

JttOjp» 

Ooavsyw  praaaura  at  3800  rps 

**  / 

Ü.2  ata 
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BTt 

0  of  wheel 

Revolutiona  during  f light 
Conveyor  pressure  at  3800  rpm 
Turbine» 

Revolution^  during  flijht 
Fresh  atream  pressure 
Exhaust  stoaa  pressure 

Pressure  ln  Laval  exfcausi  stsass 
SteaF  eossusiptios 
Degrea  cf*  efficlsney  of  turbine 
T»Sj1off_Stea?a  Installation* 

Pressure  medium 
Initial  pressure 
Final  Pressure 
Low  pressure 

Pressure  in  T  and  Z-Stoff  tank 
Pressure  in  the  disintegrator 
Araount  cf  steara  passed  through 
Araount  of  T»stoff  in  the  tank 
Araount  of  Z-Stoff  in  the  tank 
T-Stoff 
Z-Stoff 

H«tt  Shn.ha.way 
Intak«  tomperature 
gscaping  tempera  iure 
p  Eshaust  stsara 


approx.  326  mm 


N 

3800  rpm 

N 

21  atu 

n 

3800  rpm 

n 

28  a  ta 

ö 

1.8  ata 

R 

1,3  ata 

n 

2.2  kg/sec 

fl 

30# 

Compressed  air 

approx 

•  200  atu 

* 

70  atu 

n 

33  atu 

» 

31  atu 

» 

30  atu 

M 

2.2  kg/sec. 

R 

126  litres 

II 

10.5  litres 

%°2 

«nC4 

approx.  183 °C 

■  ♦  40°C 

■  0.3  at 
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Gg  Tank 


Total  Tolum®  approx.  4430  liires 

Amoant  ©f  02  in  tank  ■*  4970  kg 


Pressure  in  tank  during  flight 

»  2.2  «tc 

Temperatur©  of  02 

*  -  183°C 

For  pr eesure  in  tank  while  in  flight,  so«  sketch  Ro.  1» 

Br«  Tank 

Total  to Ins»  approx.  4580  litres 

Total  &nount  of  bs*.  0  3965  kg 

For  pressure  in  tank  durihg  flight  see  sketch  No«  1« 


SfeoDlement&rv  Ventilation  for  Fuel  Tank« 

Pressure  madiiM 

Compressed  air 

High  pressure 

approx.  200  atu 

Expansion  07er  throttle  diaphram  to  **  1«4  ata 

2«  Operational  data  of  the  entire  mach  \tsg 


Empty  weight  of  the  apparatus 

»  4000  kg 

Starting  weight  of  the  apparafes 

■  12800  kg 

Amount  of  O2  in  tank 

•  4970  kg 

Amount  of  Br«  in  tank 

•  3965  kg 

Initial  acceleration 

"  0.9  g 

Final  acceleration 

*  5  g 

Combustion  time 

■  63  sec. 

Thruat  (without  regeln) 

*  25700  kg 

Ratio  of  mixturei  Br  1  02 

•  0.81 

Passage  through  the  speed  of  sound 

•  in  the  25 th  of  a  sec, 

Acceleration  in  the  8  to  -  stage 

*  1.7  g 
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Quration  o f  th«  €  to  »tage 


&ljprox 


2-3  sees 


3.  mte&msLMä 

Initial  acoolarailon 
Vertical  fllgli* 

Guid^d  (?) 

Final  aägla  in  approx*  54  a«c. 

Utitud«  at  and  of  combus  tion 

Mag®  afcöPF©  gfvnaä  at  «ad  of  ©offifeustion 
JLltltudg  at  «tiaination  point 
¥*lo©ity  «t  ealsination  point 

tpaaä  of  ispaot 
Bang« 


■  0*9  g. 

4  sac. 

*  50  sec. 

w  49°  to  vertical 

*  22  ka 

*  24  km 

■  80  kn 

"  1200  w/b% c. 

»  900  -  1000  m/sBC 

"  290  kn. 


Soaa  «f  th«  abo^a  data  takan  fron  mtwarj  is  of  a&diua  ralu«.  fha 
toXeraue«  of  th«  individual  valuoa  is  »oiwtiaea  ybtj  conalderabla  and 
thu«  v«py  different  fer  th«  separat®  apparata.  Th«  tolerances  wer« 
leid  deara  on  th«  atrangth  of  knowlaäga  gained  fron  aceuraoiaa  and 
wious  d«gr««©  of  valna  and  afflelaney«  Th»  verloua  toleranoas  «er« 
«btalnvd  at&tistloally  and  foraad  th«  averagae  giw&n  above. 


SkttohU 


Parten  Kirchen  18  May  1945 


A  short  daacrlptlon  of  tha  V-2  "fewer-ünlt"  by  Ing»  Zolke«  (P  to' 

The  cenatruction  of  the  pover  unlt  1*  di? Wed  lnto 
seversl  mein  groupe,  the  fur.ctlon  and  purpoaa  of  whieh  ia 
briefly  descrlbed  bars*  X  wiah  to  naka  1t  elaar  that  thla 
ia  onlj  s  short  ilxue  trat  Ion  of  the  power  unlt  ainea  a  eoa- 
preh©  naive  deecrlptlon  vltbout  dravinga  control  achanee  or 
control  flguraa  weuld  ba  impoaaibla* 

A  •  The  Rocket  Ovan» 

The  Hocket  Ovan  ia  almoet  a  tphera  ahapad  combuation 
chambar  for  the  internal  combuation  of  tha  liquid  fual,  an* 
nexad  to  thla  ia  a  laval  norala  in  whieh  tha  conbuat Ion 
pressure  and  gas  es  ara  tranaforaed  lnto  apeed*  Tba  fteal 
fluid  is  lnjacted  by  a  apacial  lnjastlon  ayataai  lnto  18 
alngle  pots,  in  «hl eh  tha  fual  ia  atomlssd»  Tha  ovan  haa 
doubl#  wella  batvaen  which  the  fual  atuff  ia  conduetad» 

Thla  coola  tha  ovan  and  reducaa  tha  high  cosabuation  temp¬ 
ere  tur  es.  For  a  quick  combustion,  a  "ahut-off-valva**  ia 
conatructed  in  tha  head  «hl  eh  also  ia  uaad  aa  an  alter- »  4 
na t Ing  valva  te  pr avant  a  hydreulie  thruat.  (Back  flov  ta 
tb#  pump)  •  Eines  the  coollng  of  the  ovan  ia  not  aufflcient 
«Ith  only  the  fuel  flow»  lt  haa  ita  ewn  injectlon  chambera 
ln  eartaln  tiangaroua  plaeaa  out  of  «hieb  fual  is  lnjaetsd 
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xor  cooling  purposes  cver  correeponding  thrcttle  dlaphragma • 
In  addltlon,  the  oven  bas  in  certain  place £  so  called  ex- 
psns  Ion  jointa  in  order  to  prevent  "tension-crecks*.  'The  in« 
^action  syate®  la  e~plricslly  eonstructeö  &s  tfce  recult  of 
of  experl ence;  ita  re  cord  and  durability  wer©  teated 
on  a  single  pot  and  reco^-fcnäed  •  The  combustible  surface  la 
piaced  as  Tfar  as  posalble  fron?  the  injection  aystem  by  a 
correspond Ing  arrangement  and  cooling  of  the  individual  jeta 
endangared  by  the  ihel*  The  form  ing  of  excees  oxygen  zonea 
i#  im posalble  due  to  proper  partitioning  (proved  by  gaa 
analyaia  seaaurementa  ln  the  Jet  durlng  combustlon) .  The 
Laval  nozzle  la  only  about  2/3  eooled,  the  last  1/3  is  in- 
sulated  by  glaaa  wool  and  a  sheetmetal  covering 


SKETCH  CF  THE  INJLCTIÖK  SYSTEM 


Ire  Turbo-i-uma  Unit 


‘ihm  turbo-ouwp  unit  supollae  tha  liquid  iual  And  con- 
»ists  of  9  MLriv©  Turbin©'1  and  &  rotary  furap  to  conöuct  tha 
liquid  oxygan,  «n d  a  rotary  pump  to  conduct  tha  fual.  Tor 
reascns  of  weight,  it  is  constructed  of  light  metal*  The 
turbine  Is  a  two  ataga  Curtis  turbine,  tha  bearings  of  th© 
turbine  ar©  ball -beer Ings,  and  tha  packing  ls  S Immer Ingen. 

In  crder  to  prevent  cavitstion  mithin  th»  exygen  pump,  tha 
"liquid  ©xygan"  must  ba  forced  into  th#  pump  with  an  Initial 
pressure  (2, b  ata).  This  initial  preasura  ia  mada  bv  th# 
"Haat-exchange"  during  th©  fli$it. 

C.  Th©  Hast  isxchangera  > 

Ab  already  stated,  tha  hast  exchangera  creat#  th#  prea* 
eure  gas  for  tha  initial  pressure  of  the  0$  pump«  Por  thla 
raa8on,  the  liquid  oxygan  is  fad  f^om  behind  tha  main  Og 
valva  ovar  a  throttl#  diaphra^a  ar  a  check  vslva  thru  a 
pipa  sys  tarn  into  3  pip#  coi3s  and  ar#  vaporisad  thar»  by 
th#  exhcust  et ©am.  The  gas  forming  oxygan  ia  conduct ad 
thru  correspond ing  pipaa  into  th#  Og  tank • 

D.  Th©  fttaem  Inst ßllration . 

Th©  steam  instsllation  is  usad  to  form  th#  frash 
st ©am  necessary  to  drive  th©  turblnes.  Th©  fr© ah  steam 
ls  created  thru  th©  catslytic  dacomposltlon  of  80#  HgOg 
into  water  vapor  and  oxygen.  As  a  catalyst,  a  manganese 
tetraoxlda  solutlon  is  used  (MnO^ •  Tha  deeompoaitlon  takae 
place  in  tha  ao  cslled  dacomposar  or  ataam  mlxar.  In  ordar 
to  au np ly  tha  T-Stoffe  and  tha  Z-Stoffe,  ccwtpreasad  air  is 
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uaed  whloh  1 a  releaaed  thru  a  pressure  raducer  (regulator). 
Tha  eompraaaad  mir  la  carried  in  &  high- pressure  battery. 
(200  <stu)  • 

r 

Tb#  fual  tank  la  closed  through  tfce  pneumatic  con- 
troled  liquid  valva  for  tha  25  and  5  to  stages  on  the 
liquid  aldo  and  tha  pncanatic  controllad  ra leas er  on  the 
gaa  aide* 

E.  Fuel  Tank. 

1ha  Og  ftsal  tank  la  used  for  tha  lctaka  01  the  lio*  l 
oxygan  and  la  conatructed  for  an  axceae  pressure  of  3  atu« 
ftta  fual  lntake  tube  runa  through  tha  middle  of  the  tank 
to  the  pump*  Tha  gaa  room  is  int arr connected  with  the  out- 
alda  alr  through  an  aacanaion  plpe  with  a  doubl#  valve 
(relaaaar)  •  Tha  flow  fco  tha  Og  pump  la  affacted  by  a 
pr  113,5.  Tha  uppar  tank  la  conatrueted  wltb  a  iranhole  ln 
tha  bot  ton«  Thara  la  a  connectlon  for  a  ao  called  fuel 
liritor  ln  tha  alactric  System* 

Tha  Br*  foal  tank  la  uaed  for  tha  lntak#  of  fual  and 
la  conatrnetad  for  an  axca*#  preasura  of  2  atu.  Tha  flow 
„to  tha  fual  pump  la  affactad  through  a  tüb«  5  meters  long, 
whieh  runa  thru  tha  oxygan  tank*  To  prawent  fraaslng,  tha 
tube  la  Inaul  atad  wlfch  glase  wo  ul* 

Tha  oxygan  tank  la  also  lnaulatad  with  glaaa  wool  ln 
ordar  to  prevent  a  larga  haat  Intake  and,  eonaaquantly 
lerga  wapor  loaaaa  ln  tha  oxygan  tank,  ln  ordar  to  pra- 

-  4  - 
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£  Ist -re  bea  t  Intake  during  frae  f  light,  the  Br.  tank  ia 
also  inaulated« 

P.  Th©  AuslIIlary  Ventilation. 

The  auxilllary  ventiHtien  he»  the  purpoee  of  blowing 
up  the  apperatua  of  V-2  sb  It  returna  into  the  ataoephere  ln 
order  to  hav©  the  ineide  pressure  higher  than  tb«  outaide 
pressure  so  the  tank  will  not  collapae.  (See  V-2  pow«r~uait 
data,  Sketch  1} . 

0.  /‘■rmaturog . 

In  the  apparatua  A-4,  the  re  are  about  45  different 
anrat  urea«  They  have  the  purp ose  of  automatloally  con- 
nect Ing  the  separate  proceases  by  aleetrleal  isipulses. 
Varioua  klnds  of  Instrumente  sre  uaed* 

Group  1:  Klectro-Fneumetic  Valve*  that  reeeive  the 
aleetrleal  Impulses  and  eontrol  the  eeapreaaod  air  and  ao 
aotivate  the  indivldua 1  pneumat io  -I  vss .  Thea#  are  the  so 
ealled  «uxillisry  valves. 

Group  Z. :  Pnmm,  Xe  valves  that  eontrol  the  f’uid  or 
the  gasea»  They  roeolvo  their  wce»king  pressure  lron  tho 
eleetro-pnounatic-auxi  11  iasy -valves  » 

Group  5  t  Sorvo  eontrol lad  valves»  These  valves  ara 
uaed  on  small  aaotiona  and  for  aaall  current  eapaeltles» 

They  unita  Group  1  and  8  into  a  aingle  valve,  and  ara  mra 
advantagsous  fron  tho  point  of  vi«t  of  vslght» 

öroup  4s  Hand  oparatad  valves t  Tha  valvoe  ara  uaod 
before  tho  take-off  and  eonsequently  ara  geoorally  of 
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simple  construction  ln  the  shap©  ot  usual  industrial  velves« 

Group  5:  Ron-return  p lates*  To  let  the  fluid  pass  ln 
enlj  one  direct Ion  and  by  flow  changea  will  close  the  sys  tarn . 

The  grastest  dlfiiculty  ln  the  develojaaent  and  connecfcien 
of  the  annatures  are  to  make  them  fool-proof  so  they  will  work 
fully  automatic  w ithout  iailures  as  is  not  ususl  ln  the  cor?  » 
struction  of  amtatures.  For  axmmple t  if  the  armetures  of  an 
airplsne  should  fall  lt  could  still  he  bald,  serviceable  by 
auxillery  ©r  emergency  eonfcrol,  the  aMe  is  true  of  a  truck 
or  eny  otfcer  gas  eng  Ine  •  But,  if,  only  ©ne  Instrument  of  tbe 
A-4  should  lall,  tbe  result  would  be  tbe  loss  of  the  «nt Ire 
apparatus.  Sine©  the  nur^ber  of  amatures  la  wery  high,  and 
e"en  lf  each  Instrument  is  09%  fool-pKof ,  the  loss  would 
still  be  30% m  This  then  is  the  grastest  difficulty  ln  the 
whöle  rocket  technique. 
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Part <sn  Kirchen  18  Kay  1945 


A  ehort  deseripti on  of  the  V-2  ”Powar~ünltw  by  In&*  2olka* 

Th«  construotion  of  the  powar  unit 'is  divided  Into 
sevar»!  mein  groupa,  tha  functlon  and  purpoaa  of  which  is 
briefly  dsscribed  har®,  I  wish  to  mska  it  clear  that  this 
la  only  a  short  Illustration  of  the  power  unit  sine®  &  com- 
prahensiwe  description  wlthoufc  drawings  control  Schemas  or 
control  figuree  would  b®  impoasible. 

A«  The  Rocket  Oven« 

Tb«  Hocket  Oven  la  almoet  a  £ph©r©  shsped  combuation 
chamber  for  tha  internal  combustlon  of  the  liquid  fual,  an- 
nexed  to  thls  is  a  Lavel  nozsle  in  which  th®  corabuation 
pr  ec  au  re  and  gaeas  are  transformad  into  apaed*  Tha  iüal 
fluid  is  injacted  by  a  spacial  injactlon  ayatam  into  18 
single  pots,  in  which  tha  fual  is  atomized«  The  oven  ha 8 
doubl®  wall®  betwean  whlcb  the  fuel  stuft  is  conducted* 

This  cools  the  oven  and  reduees  the  high  combustion  temp- 
aratures.  For  a  quick  combustion,  a  "shut-off-völve*  is 
constructed  in  tha  haad  which  also  la  uaad  as  an  alter- 
nating  valva  to  prevant  a  hydraulie  thruat*  (Back  flow  to 
tha  pump)*  Sinca  tha  coollng  of  tha  ovan  ls  not  sufflciant 
with  only  tha  fual  flow,  it  has  its  own  injaction  chambers 
in  cartain  dangeroua  place®  out  of  which  fual  la  injactad 
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for  coollng  purpoaes  over  corresponding  throttle  diaphragms« 
In  addition,  the  oven  ha«  in  certain  places  so  callöd  ex* 
Pension  Joint©  ln  order  to  prevent  “tension-cracks*.  The  in« 
Jectlon  syetem  ia  emplrlcally  conatructed  aa  the  result  of 
years  of  esperlenoe;  ita  record  and  durabllxty  wer*?  teated 
on  a  single  pot  and  recom^ended  •  The  combustlble  surfte©  ia 
placed  as  fer  es  possible  frora  the  Inject  io»  System  by  a 
eoxresponding  arrsng«aent  and  coollng  of  the  individual  Jets 
endangered  by  the  fbel»  The  fonaing  of  excess  oxygen  zones 

e 

*•*  Impose  Ihle  dus  to  proper  partitioning  (proved  by  gas 
snalysle  seasurements  in  the  Jet  during  cosbustion)  •  The 
laval  nessle  1s  only  ehout  2/3  oooled,  the  last  i/3  is  in« 
sulated  by  glase  wool  and  a  sheetmetal  covering 


SKETCH  OF  TKE  INJKCTIOR  SfSTEH 


B  •  The  Turbo -Pump  tlnlt  • 

The  Surbo-pump 'unlt  supolies  the  liquid  fuel  and  con- 
etsts  of  ®  “Drive  Turbine’*  anc  a  rotery  .  ump  to  conduct  the 
liquid  oxy gen,  and  «  rotary  pump  to  conduct  the  fuel.  lor 
retscns  of  weicht,  it  I?  e||etructcd  of  light  metali  Th® 
turbine  is  e  two  3tsge  Curtis  t urbine,  the  bearings  of  the 
turblne  are  bsll-besrings*,  &nd  the  packing  is  S  immer  Ingen. 

In  order  to  prevent  cavltatlen  within  tbe  oxygen  pump,  the 
“liquid  oxygen”  must  be  forced  into  the  pvjrap  with  an  initial 
pressure  (2,S  ata).  This  initisl  pressure  la  made  by  the 
"Heat-exchange"  during  the  flightr 
C  *  ‘ihr}  Koat  change re  . 

As  alre^oy  stated,  the  ließt  exchangers  create  the  pres¬ 
sure  gas*  i'or  tbe  initial  pressure  of  the  Og  pump.  Por  this 
resson,  the  liquid  oxygen  is  fed  from  behind  the  mein  ög, 
valve  over  a  thrpfctle  diaphragra  at*-»  a  cheek  valve  thru  e 
pipe  .system  inte*  3  pip©  coils  and*  are  vaporised  there  by 
the  exhaust  steam.  The  gas  formlng  oxygen  la  conducted 
thru  corresponding  pipee  into  the  Og  tank« 

D.  The' Steam  Installation. 

The  steam  Installation  ia  useö  to  form  the  freeh 
steam  necessary  to  drive  the  turb Ines.  The  rresh  steam 
ia  created  thr^the  catelytic  decompo%itlon  of  QOf  HßOg 
into  weter  vapar  end  oxygen.  'As  a  catalyat,  a  manganese 
tetraoxlde  solution  is  used  {VnO^} *  The  deecupoaltlon  takes 
place  ln  tbe  eo  ca 11 ad  decömposer  or  ateem  mlxer.  In  order 
to  aupply  the  T-Stoffe  and  the  Z-Stoffe,  compressed  air  ia 
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used  whJch  la  relcaoeü  thru  &  pressure  reaucer  (regulator) 
Th«  compressed  mir  is  carrieü  ln  a  bigh-preaaure  battery* 
(20Q  atu) • 

Tb«  fuel  tank  ie  closed  through  the  pneua&tic  con- 
troled  liquid  valve  for  the  25  and  8  to  stages  on  tfce 
liquid  aide  and  tha  pneumatlc  con troll ed  r« lenser  on  the 

gas  eide« 

E.  Fuel  Tank. 

The  Cg  fuel  tank  ia  used  for  the  intake  of  the  liquid 
ostygen  and  is  constructed  for  an  excess  pressure  of  3  atu« 
The  fuel  intake  tube  rune  through  the  middle  of  the  tank 
to  the  pu»p«  The  gaa  rooss  la  inter-connected  with  the  out 
aide  alr  through  an  ascenslon  pipe  with  a  double  valve 
(releaser)  •  The  flow  to  the  Og  pump  la  effected  by  a 
anring*  The  upper  tank  is  conatructed  with  a  manhole  ln 
the  bottoa«  There  la  a  eonncetion  for  a  ao  called  fuel 
lirlter  in  the  eleetrie  ayetens« 

Tha  Br*  fiel  tank  la  used  for  tim  Intake  of  fuel  and 
la  conetmeted  fer  an  exeess  pressure  of  2  atu«  The  flow 
to  the  fuel  pump  la  effeeled  through  a  tube  3  meters  long, 
which  runs  thru  the  oxygan  tank«  To  prewent  fraeaing,  the 
tube  la  Inaulated  with  glase  wool« 

The  oxygen  tank  la  also  inaulated  with  glase  wool  ln 
order  to  prevent  a  large  heat  Intake  and  conaequently 
large  vspor  leaaes  in  the  exygen  tack*  ln  order  to  pre- 
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¥ent  *  large  fteat  int «Ve  du  ring  free  fligbt,  th®  Br.  tank  is 
also  lnsclated. 

F«  The  Ai»  11  Hary  Ventilation. 

The  suxilllery  Ventilation  haa  the  purpose  of  blowing 
up  th©  apparetus  of  V-2  »s  lt  retums  into  th#  afcmosphere  ln 
ord©r  to  have  the  inelde  pressure  higher. than  th®  outalde 
pressure  so  the  tank  will  not  collapse*  (See  V-2  power^smit 
data,  Sketch  1) « 

Ö.  Armatur es » 

In  the  apparatus  A-4,  there  «re  ahout  45  different 
armaturea.  They  have  the  purpose  ©f  automat  ically  con- 
necting  the  separate  pro ce es es  by  eleetrlcal  Impulse* • 
Varioua  klnda  of  instrumenta  are  used. 

Group  1:  Electro-Fneumatlc  Valves  that  recelTe  the 
ei  ectrical  Impulses  and  control  the  coepressed  alr  and  so 
actlvate  the  individual  pneumafcic  valves.  üieae  are  the  so 
callad  suxillisry  valvea. 

Group  2i  Fneumstic  valvea  that  control  the  fluid  or 

the  gas©«.  They  recelve  their  working  pressure  froa  the 
elec  tro  -pneustat  ic-a  uxi  11  iary  -va  Ives  • 

Group  5s  Servo  controlled  valvea.  These  valves  are 
used  ©n  small  sections  and  for  small  current  eapacltles. 

They  unite  Group  1  and  2  into  a  single  valve,  and  are  nore 
advantageoua  from  the  point  of  vlev  of  velght« 

Group  4t  Hand  operated  valves t  The  valves  are  used 
before  the  take -off  and  consequently  are  generally  of 
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simple  conatruction  ln  tbe  shape  ©f  usual  Industrial  valvea* 
Group  5;  Kon-return  p lates:'  lo  let  the  fluid  pass  in 
onlv  one  direct  Ion  and  by  flow  changea  will  close  the  sys  fern. 

The  greatest  difficulty  in  the  development  tau  ccnr.action 
of  tlse  arciaturee  are  to  mske  them  fool-proof  eo  the;*  will  work 
fully  automatic  w ithout  fallures  as  ls  not  usößl  in  thn  con- 
etruction  of  armatures«  Kor  ©xample:  if  tho  arm »teures  of  an 
»irj  lane  should  fall  it  could  still  be  bald  aerviceable  by 
Euxiliary  or  emergency  control,  tho  same  is  true  cf  a  truck 
er  any  ©ther  gas  englne«  But,  if  only  one  Instrument  of  the 
4  should  fall,  the  result  would  be  the ^Loss  of  tue  entlre 
apparatua.  Since  the  numbsr  of  armatures  is  very  hl^h,  and 
e^en  if  each  Instrument  ls  99t  fool-proof,  the  loss  would 
still  be  Thia  then  is  the  greatest  difficulty  in  the 

whole  rocket  technlque« 
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File  Enzian 


Interrogetion  of  Dr.  Wurster,  19  May  1946« 

Wetterst© Ins tr«  8,  Partenkirchen,  E.M.  Stokes  &  R«W«  Porter« 


1.  Prior  to  1940,  Dr.  Wurster  was  a  test  pllot  for 
Messerschmidt «  He  had  flown  109,  209,  309  and  409,  and  the 
lös,  ett&lning  speeds  in  excess  of  1000  Km/Hr . 

2*  Slnce  that  time  he  had  speclalized  ln  deslgn,  partlc- 
ulsrly  serodynamics,  and  recently  had  been  chief  deslgn  ©ngi- 
neer  for  the  ^Enzian*.  He  clalr^s  that  he  was  responslble  for 
this  wea.on  almost  single  h&ndod« 

3.  "Enzian"  is  really  a  rocket -propelled  alrcraft  havlng 
a  wlng  sirailar  to  the  Me  163,  and  two  control  surfaces  whlch 
act  both  as  elevators  and  as  alllerons«  The re  are  no  hori¬ 
zontal  teil  surfaces,  and  no«rudder,  but  there  1s  a  vertlcal 
tall  surface«  There  is  no  dibedrol,  and  the  plane  of  the  wlng 
passes  through  the  rniddle  of  the  fuselage« 

4«  Tb©  followlng  data  was  given  oy  Dr«  Wurster  ae  appli¬ 
cable  t©  Enzian  IV. 

(a)  Wt.  at  start  (total)  la  800  Mg* 

(b)  Wt«  of  four  A«T«D«  units  wlthout  flttlngs  is 
144  Eg.  (36  Kg.  cach) 

(c)  Wt.  after  5  sec«  when  A.T.D.  hat©  been  dropped 

is  1500  Kg. 

(d)  Mr ln  thrutet  ls  2000  Kg.  at  Start  varying 
linear ly  down  to  1000  Mg«  at  end  of  70  sec« 
burnlng  time« 

(e)  A.T.D«  thrust  ls  1500  Kg«  for  each  unltd.*©« 

6000  Kg«  total« 

(f)  Hange  at  end  of  burnlng  ls  12  Sk*  Contlnuea 
wlthout  thrust  to  16  Km. 

(ß)  ffelsjht  of  fuel  ls  460  Kg«  (When  lt  was  po Inted 
out  that  thls,  together  wlth  the  above  data 
give  a  specific  fuel  consumptlon  of  about  4« 26 
J/Kg  sec.,  he  declded  that  it  was  550  Kg«  that 
wes  the  deslgn  flgure,  and  that  480  Kg«  applied 
only  to  the  test  mlsalea« 
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(b) 

Propelled  ls  Solbei  and  Wlsol,  1®4  to 

1  ratio® 

(1) 

A.T.S®  ulta  ua©  Einbeiz  Pulver.  Dr.  Wüster 
doesnvt  know  the  composltlon® 

<J> 

Wt®  of  warhead  ls  500  Kg« 

(k) 

Launchlng  ls  at  any  deelred  angle® 

U) 

Spead  after  5  «ec.  ls  150  M/Sec. 

Speed  maxlmum  ia  500  M/Sec® 

(P) 

Maximum  alloweble  wlng  loading  is  7.7 

6* 

Th©  ccntrol  Is  strictly  Urse  of  slght,  th©  pro  bl  ©m  being 
conslderably  simplified  by  the  engl©  launehing.  Flrlng  ls  don© 
ms  far  as  poasibl©  ln  advance  of  th©  epproach  of  th«  target 
overhead  so  as  to  reduce  the  required  curvsture  of  th«  flight 
path®  This  glvee  us©  gesieralüy  to  an  engl«  attack  from  h«ad  on® 

Below  6000  Biet©?*,  the  target  and  th©  mlssll©  can  b© 
traeked  optleally  by  a  Flak  gerat  44  range-f Inder*  In  bad 
weath©r,  ov  for  higher  altltudes,  th©  Mannheim  Funkmessgerät© 
are  used®  Th©  angle  between  the  target  and  the  mlssll©  ls 
■easured,  and  presented  on  a  C.K*  tube  to  the  opera tor.  The 
nies Ile  ls  then  controlled  by  a  Kaeblgerat  or  by  the  newer 
Brlgg»Eoee©  (not  yet  ln  productlon)® 

läm  Brlgg-Kozz©  uses  a  50  cm  transmltter,  code  neme  "Kran", 
and  recelver,  dod©  name*Brlgg"#  deslgnted  by  Gefunken,  Group  E®Z® 
head©d  by  Dipl®  Ing®  Schwarz,  and  ine  lud  Ing  Br.  Ing®  Schurmacher® 
Thls  System,  accordlng  t©  Br.  Wurster  used  only  on©  carrler, 
modnlat©d  wlth  four  tones  of  different  frequencles,  one  ©ach  for 
np,  down,  right,  and  left  Twelv©  dlff©r©nt  wavelengths  could  b© 
a©I©ct©d  by  means  of  a  switch®  The  chief  advantag©  of  the  Brigg 
and  Kose©  was  lack  of  fadlng  dlfflcultiea  and  greater  difflculty 
of  Jamming®  1h©  only  antl~Jammlng  feature  known  to  Dr®  Wurster 
lc  the  dlrectional  r©  cgi  v  Ing  anterma  on  ths  mlssll©  whlch  has  a 
beam  wldth  of  about  45  • 

Twelv©  of  thsa©  weapons  wer©  made  et  Messers  chm  idt  »s  Augs- 
berg  Plant  and  later  on  at  Sonthofen  bei  Immenstadt  (fuseläges)® 
All  war©  flight  teated  at  Peenemünde,  at  the  Startstell«  Stand® 
2ha  propulslon  unlta  for  these  fl  ight-tcat  modele  were  assembled 
by  Walther  at  Lanbau®  Dr®  Conrad  ln  Berlin  Is  coneldered  better 
a  source  of  propulslon  unlts  by  Br.  Wurster,  however.  Serlous 
produc tlon  was  to  have  been  asslgned  to  a  firm  ln  Eberswalde® 

Dr.  Wurster  couldn't  remember  the  name,  but  had  1t  ln  hls  pepers 
whlch  had  been  taken  to  Ober  Amorgan • 


490 


An  Ens  las  V  wag  pianned  «sich  would  hav©  aitelned  super- 
sonic  vslocity*  but  non®  hava  b®en  bullt«  Aeoustlo,  Infra -red* 
and  radio  homfng  methods  war®  als©  fee  Ix*  g  conaidered*  «Acouctic 
was  not  good  for  fchis  appllcction  aceording  to  Dr*  Wurster  be~ 
cause  1t  did  not  glva  auf  fiel  ent  rang®*  Xafra-red  and  elee~ 
trisal  »eens  **©r®  expectod  t©  fee  ready  Ibr  teste  thia  sumter* 

Oonclugion» 


Dr*  Wurster  1®  ofevlously  well  infoisaed  ©n  tbe  deslgn  of 
"Baden  psrtleularly  the  eerodymamlc  and  charaeterietles» 

and  should  be  able  to  give  vaXu&ble  Information  on  other  Messer«» 
Schmidt  producta*  Xt  ia  recommended  that  he  be  retained  with 
th®  other  personnel  and  material  fron  Meaaersefemldt  pending  a 
general  Investigation  of  that  Institution  and  that  he  be  Inter» 
rogsteö  by  any  guided-missile  team  studying  "Sudan"* 


B*W*  Porter 


Lq  «.-ioni  Camp  Haiming,  3t.  Leonhard,  in  Inn  Valley  west  of  Innsbruch 
Subject:  "Natter"  Interceptor  Project 

Inve. tigated  by;  Navtecmiseu  Team,  Lt.  C.L.  Poor,  USTäR,  Lt.  A.  Hyatt^ 
ÜSkC,  and  Dr.  C.B.  killikan. 

Reported  by  Clark  B.  Millikan 
8  June  194-5 

IITJ3UDUCTI0N 

Prior  to  the  investigation  of  this  bärget  a  number  of  assessment 
reports  werc  made  available  to  the  team,  but  there  was  no  indication  thnfc 
amy  careful  investigation  had  been  made.  Ihn  assessments  differed  widely 
in  their  estimates  of  .he  importrnce  of  the  development.  It  was  accord- 
ingly  decided  to  make  as  careful  an  investigation  as  possible. 

HISTORY  OP  PROJECT  AND  ITS  INTLKDED  TACTICAL  USE 

The  project  was  initiated  Aug  1,  1944  by  the  Bachen-Verke ,  vValdsee 
under  the  sponsorship  of  Oberst  Knetiayer,  Chief  of  Development,  Rlivi.  Its 
purpose  was  to  act  as  an  interceptor  against  the  Allied  high  altitude 
boabers.  At  the  end  of  the  war  150  planes  were  011  Order  by  the  SS  and 
50  by  the  Luftwaffe.  The  designers  v/ere  Herr  Bachen,  Foriaerly  Technical 
Director  of  Fieseier,  and  Herr  Bebhbeder,  a  Dutchman  v/ho  had  studied  at 
Stuttgart,  was  brought  to  Germany  in  1940,  ajad  worked  at  Dornier  before 
joining  Wachem.  Late  in  April  the  factory  was  disbursed,  Bachpm  in 
A/aldsee,  and  Bethbeder  with  ^group  Xä  of  Technicians  taking  four  planes 
to  St.  Leonhard  where  they  were  Hlhen  the  US  Army  arrived.  Beofre  the  dis- 
persal  Bachem  had  soiae  600  workers  of  whom  aboub  300  were  engaged  on 
Natter,  including  approximately  60  engineers.  It  was  planned  that  prod- 
uction  on  a  considerable  scale  would  be  carried  out  in  a  large  number  of 
smlLI  facfcferies  and  shops  scattered  over  Germany.  The  design  had  been 
very  consistently  worked  out  so  that  only  umskilIed  -.'yorkers  and  the  most 
common  and  readily  available  materials  would  be  required.  Lightness  and 
complexity  were  everywhere  «acrificed  in  the  inte  e st  of  cheapness,  simpl- 
icity,  and  absence  of  elaborabe  jlgging  and  construction  tools.  The 
plane  was  to  be  used  as  a  "one-shot"  device  being  destroyed  after  its 
initial  flight  and  contact  with  .,he  enemy.  The  basic  materials  used  were 
bhe  coaaonest  grades  of  wood  and  the  cheape3t  quality  steel. 

apn 

The  German  governnent  had  planned  to  seil  the  Natter  plans  all 
construction  det&ils  to  the  Japanese.  The  engineers  interrogated  were  H 
unable  to  teil  whether-  or  not  this  plan  had  been  executed,  and  it  is 
believed  that  they  wer«  actually  igno  ant  in  this  connection.  The  plane 
should  be  tactically  very  useful  to  the  Japs  and  the  type  of  construction 
should  be  highly  suited  to  nnnufacture  in  Japan.  The  possibility  thab 
Japan  may  be  able  to  undertake  the  projedt  is,  accordlngly,  one  of  its 
most  significnnt  features. 
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PERSONNEI  INT  ER  10GATED  .\ND  1HEIR  DISPOSITION 

The  follovving  merabers  of  the  Natter  group  had  been  held  for  some  M 
we^ks  at  Camp  Hainingo  After  careful  inberrognbion  of  the  key  persons, 
the  entire  group  was  reburned  to  the  bown  of  Jsrzens  near  Wenns.  This 
was  approved  by  the  Military  governnent  officer  at  the  camp.  All  of  the 
men  were  insbrucued  to  report  daily  to  the  Burgoiaeister  of  Jerzens  and  to 
be  available  for  further  interoogation  should  this  be  desired.  The 
house  nu&ber  where  each  man  lives  ii  indicated  opposite  his  name: 


Bethbeder 

20 

R.  Granzow 

32 

Schall er 

30 

K.  'Sehaller 

30 

Zubert 

142 

H.  Jonas 

142 

Bethbeder,  who  speaks  and  umderstands  English  fairly  well,  was 
interrogated  for  several  hours  and  furnished  most  of  the  Information 
on  the  project.  He  was  very  cooperabive  and  apparently  with  held  no 
Information  on  aatrers  of  Interest.  He  iapressed  the  team  as  an 
extremely  ingenious  and  capable  engineer.  The  project  has  so  many  unorth¬ 
odox  and  unusual  features  that  it  is  apt  tp  appear  unrealistic  and 
"crackpot".  Bethbeder  was  able,  however,  to  demonstrate  that  eaeh.  of 
the  unorthodox  elenents  had  been  carefully  worked  out  and  engineered  in 
accordance  wibh  a  consistent  and  very  reasonable  conccption  of  the 
overall  problem. 

Zubert  was  the  tesfc  pilot  fo  1  the  project  and  furnished  considerable 
Information  on  the  flying  characberistics  of  the  glider  Version  which 
he  XEK  had  flown» 

Granzow  was  Walter1 s  pepresentative  on  the  project  and  was  responsible 
for  the  functioning  of  the  maia  rocket  motoir.  He  contributed  relatively 
little  to  öhe  teams  knowledge. 

G.  Schalter  was  sent  by  ELM  as  a  liaison  man  and  inspector  for 
development  and  produetiom.  ^ t  was  sbated  that  he  might  have  been  a 
Nazi  party  meaber,  but  that  he  had  not  been  active  in  the  party.  His  in— 
terrogation  cont i-ibuted  little* 

K*  Schalter  and  Jonas  were  talked  to  only  very  briefly  since  they 
apparently  were  wo  kers  who  knew  very  little  about  the  project« 

Bachem  T7ho  was  co-r-designer  with  Bethbeder,  remained  at  Waldsee  when 
Beuhbeder's  group  evacuated  to  the  Inn  Valley.  He  planned  to  bury  a  com.- 
plete  set  of  Natter  drawings  and  technical  data  in  the  Waldsee  area*  It 
was  agreed  that  he  nd  Bethbeder  would  later  apptempt  to  establish  contact 
by  leaving  messages  at  the  latten*  s  ski  hut  "Einen  Eckalpe"  at  Oberstaufen, 
15  Km  from  Isny.  *  This  town  is  mear  Kempten  south  of  Augsburg.  The 
rendezvous  has  not  yet  been  effected  but  Bethbeder  believes  that  Bachem 
is  p  -obably  in  the  neighborhood  of  Isny. 

CEARACTERISTICS  CF  THE  AIRHLANE  AND  LAUNCHER 

The  Natter  is  es. ent „ally  a  very  inexpensive  single  seat,  rocke b  pow- 
ered  interceptor  Y/hi.ch  is  laumched  vertically  from  a  sho :*t  launcher, 
controlled  ^y  an  auto-pilot  to  a  Position  predetermined  by  a  Standard 
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anti— aircraf t  fl  ade  Computer  as  heilig  in  he  neighbo  /hood  of  an  enemy 
bember,  and  guided  by  the  pilot  to  the  target  at  ver^  high  speed.  At 
i  üistance  of  a  few  humdred  hards  24  73  rocket s  are  fired  in  a  burst 
and  Katter*  fives  away.  When  clear  of  the  eneny  the  speed  is  reduced  to 
2G0-30G  rm/hr,  the  nose  and  then  the  rcrainder  of  the  plane  is  jettisoned 
and  the  pilot  paiachutes  to  the  grounö  . 

The  basic  numbrical  characteristics  are  as  follows; 

Initial  weight  with  4  boost  rocke ts  - —  2200  kg. 

Gross  weight  including  fuel  bat  without  boost  rocket s  —  1700  kg. 

Fuel  weight  —  650?kg 
Wing  area  —  3.6  tjl 
Wing  span  —  3.6  ? 

Horiz.  tail  area»2.5  m^ 

Horiz  tail  span=  1.0  m. 


Wing  and  horiz  tail* 


rectangualr  plan  form,  no  dihedral,  no 
yaetrical  section. 

?Qp  chord^  Vertier 1  surface 
,o 


sweepback,  constant  profile  12$  thickness  ax 

approx  2/3  abeve  fuselage  and  1/3  brlow.  Tail  setting  -  lw  to  wing. 

So  ailerons,  roll  control  by  differential  oper'iiom  of  elevators. 

Overall  lemgth  -6m.  cd^  (at  M=0.4)=0.08  from  wind  tunnel  test. 
Launcher  is  circular  tube  pro jecting  verically  9  m.  fron  the  ground. 
Boost;  4  Schmidding  rockets  each  having  12,000  kg.  sec.  Impulse  with  a 
nominal  bunign  time  of  10  secs. 

Main  Power  Plant;  Walter  509  rocket  motor  buraing  C  and  T  Stoffs.  Max 
thrufct*1700  kg.  Regulation  possible  down  to  150  kg.  Fuel  Consumption=» 
5.5  ga.  per  kg  sec  at  sea  level  full  thrust.  Fuel  consumption=10  gm. 
per-  kg.  sec  at  Sea  .level  at  300  kg.  Design  may  level  speed=800  km/hr 
at  S.L.  Stressed  for  6  g  aceeleration  at  1100  km/hr  at  3  kr-,  altitude 
with  a  factor  of  safety  of  1.5  b&sed  on  ultimate  strength.  Materials* 
Lo.v  grade  wood  and  Steel  throughout  except  for  motor,  fuel  tankd  and 
piping,  and  main  spars.  Constructions  Extremely  simple  and  crude. 

Wood  parts  universally  joined  with  glue  and  nails.  Fit.ings  heavy  and  X 
simple.  The  entire  design  has  been  systematically  and  carefully  worke&X 


out  for  rapid  and  cheap  construction  by  inexperienced  workers  in  small, 
poorly  equipped  shops.  Weight  and  refineasnt  of  finish  were  consciously 
sacrificed  for  this  purpose.  MKSg  Bethbeaer  gave  the  following  figures 
for  man-hous  requi  ed  to  construct  the  machine  in  small  «aale  production 

Airf  «iSe  —  250  hours 
Motor  — 400  manhours 

Rockens,  infctruments,  etc,  350  manhours 
Total  aircraft  1000  man  hours  - 


Armamenfc*  24  73  mm  rockets  each  weighing  2.6  kg  and  containing  400  gm 
of  powder  in  the  warhead. 


j?ho  nkotch*s  belcv?  indicate  very  roughly  the  general 
&rrange;.icnt : 


lETKOD  ü  j‘  OPERATION 

The  plane  is  attached  to  the  launching  tube  on  which  it  can  slide 
vertically  and  around  which  it  can  rotate.  Ä  Standard  anti— aircraf t 
director  is  placed  alongside  and  the  Orientation  of  the  plane  is  set, 
as  is  the  elevator  deflection  required  at  the  end  of  the  verical  flight 
so  that  a  straight  flight  path  will  reach  the  predicted  location  of  the 
enea y  bouber.  The  raotor  and  launching  ^ockets  are  f i ?od  and  the  plane 
ascends  v.rtically  some  150  iceters  when  the  auto-pilot  deflects  the 
elevato  s  and  holds  tho  plane  on  the  p 'edetermined  straight,  climbing 
flight  path.  At  this  time  the  boost  rockets  are  dropped«  When  the 
pilot  sights  the  enemy  he  tnkes  over  and  when  on  the  target  and  in  ränge 
fires  24  rockets.  He  thcn  dives  away  and  when  clear  slows  to  about  250 
kin/hr,  and  release  the  no,:.c  section  «which  is  sucked  ’f orward  and  clear 
by  the  pressure  distribution  ovor  it»  The  pilot  then  releases  a  par- 
achute  fron  the  rear  of  the  fuselagc.  The.  latter  decelerates  very  rap- 
idly  ejectly  the  pilot  who  parachutes  to  tho  ground«  494 


V/ind  tunnel  tests  01  aodels  were  nade  in  S®p  1944  at  DVL  at  500 
k»/hr,  and  in  the  high  speed  tunnel  at  Braunschweig  in  March  1945  at 
speeds  close  to  M=l.  No  bad  effects  of  compressibility  on  stability 
or  ccntrol  wer«  observed. 

Approximately  a  dozen  unmanned  iaunching  tests  were  made  in  every 
one  of  which  the  plane  ascended  vertically  to  100  fcr  150  neters  height 
where  the  speed  was  sufficient  for  the  aerodynamic  Controls  to  becone 
ef  ectivs.  The  auto— pilot  had  nto  beon  perfected  in  time  for  a  satis— 
factory  test  with  it  to  be  mad.e.  One  plane  without  rnotor  but  with  äquiv¬ 
alent  balast  was  towed  to  altitude  snd  release  as  a  glider.  The  test 
pilot  reported  the  flying  characteristics, up  to  the  highest  speed  reached 
(700  km/hr),  as  superior  to  any  pursuit  he  had  flown  (including  all 
Standard  German  fighters).  One  raanned  luanching  was  attempted  in  which 
it  is  believed  the  pilot  struck  his  head  and  was  knocked  out  at  the 
start.  In  any  event  at  the  end  of  the  usual  ve  tical  flight  of  sorae 
150  a.  the  plane  went  on  its  feack  and  dived  to  the  ground,  the  pilot 
being  kilied.  The  end  of  the  war  stopped  further  experimenting. 


RECOMMENDAIIONS 

-The  project  appears  to  be  interecting  enough  to  warrant  careful 
study  of  the  two  airplanes  which  the  AAF  apparently  has,  as  well  as  to 
justify  search  for  and  study  of  the  data  which  Bachem  had  at  the  end  of 
the  war. 
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Ötzal  Wind  Tunnel - Reported  By:  G.L.  Poor,  3d,  Lt,  USNR 

Investigated  by:  Dr.  Clark  B.  Millikan,  Tech,  USN 
C*L*  Poor,  Lt,  USNR 
A.  Hyatt,  Ist  Lt,  USIvICR 

Date  of  Investigation :  6  June  1945 

Location  of  Target:  Inn  Valley,  route  31»  approx  35 

Km  west  of  Innsbruck,  neär  Lager, 
Haiiaing. 

A  large  high  spoed  wind  tunnel  was  reported  to  be  under  construction 


in  the  Ina  valley,  near  the  ötzal.  The  tunnel  was  investigated  by  a  Nav 
Tee  Mis  Bu  Team  on  6  June  1945.  This  repo _t  puesents  the  findings  of  the 

team. 


De  script ion  of  Wind  Tunnel 

The  wind  tunnel  as  planned  is  of  Steel  Construction,  closed  throat, 
und  capable  of  attaining  a  Mach  number  of  one  at  full  power,  clear  tunnel» 
The  principal  dimensions  are: 


Test  Section  Diameter 
Test  Section  Length 
Maximum  Diameter 
Overall  Length 
Contraction  Ratio 


8  meters 
14  meters 
24  meters 

174  meters 

9  meters 


The  power  for  the  tunnel  was  to  have  been  obtained  from  two  50,000 
rsepower  Pelton  wheels,  each  di  ectly  connected  to  one  of  two  15  meter 
ameter  contra-rotating  p  opellers.  At  full  power,  the  propellers  were 
turn  at  about  220  rpm.  In  Order  to  obtain  the  necessary  hydraulic  power, 
tunnel  has  been  drilled  through  a  mountain  ,  the  south  of  the  nite 
vlng  a  500  m.  fall  from  the  Staumaurer  dam  of  the  Westtiroler  Kraftwerker, 
the  Stuibenbach  river»  The  d  m  has  not  yet  been  constructed,  although 
11  pir  itaratioBs  fo  beginn!*  construction  have  been  made. 

Tunnc 1  T*e  3  ign 

The  design  of  the  wind  tunnel  is  convent ional  except  for  the  use  of 
rect-  Pelton  wheel  drive  for  the  contra-rotating  propellers,  and  for  the 
rangeiaent  of  the  air  exchanger  for  cooling  the  tunnel  and  removing  exhaust 
.ses  du  -ing  öngine  uests.  The  air  exchanger  consists  of  an  annular  opeiing 
tween  the  lftrge  section  and  the  contraction,  together  with  an  intake 
•rangement  in  a  15  ia.  constant  diameter  section  directly  following  the 
jcond  corner.  The  a  ..r  exchanger  v-ras  designed  to  handle  the  exhaust  g&ses 
?om  a  10,000  horsepower  plant  at  a  fuel  rate  of  0.5  Kilo/hp.hr. 

The  tunnel  is  unusually  long,  174  meters,  and  has  an  area  ratio  between 
e  test  section  and  the  first  corner  of  1  to  4.  The  distance  between  the 
xrth  corner  and  bhe  beginning  of  the  contraction  is  approximately  28 
ers,  and  the  large  section  continues  back  through  the  low  speed  corners 
about  one  third  of  the  distance  between  the  third  and  second  corner 
a  constant  diameter  of  24  meters.  This  arrangement  is  apparemtly 
vded  to  give  a  tunnel  of  high  energy  ratio  and  uniform  flow  without 
"deration  of  the  cost  of  the  mate  ial  required  for  the  structure. 
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Iaaediately  upstream  of  the  first  propell« the  tunnel  diameter  decrea- 
ses  abruptly  from  16  Bieters  to  15  aet®rs9  apparently  to  speed  up  the  slow  £ 
•viag  air  near  the  wall  and  secure  rnore  uniform  velocity  profil«  at  the 
propeller*  There  is  no  expansion  tnrcugh  the  Corners* 

Working  Sectioa 

In  Order  to  gjjhiKX  facilitate  changiag  model  set-ups,  and  tp  provide 
for  tests  on  coriplete  airplane  models,  semi-span  models,  and  full  scale 
power  plant s,  it  was  planned  to  provide  three  working  sections,  each 
coaplete  with  balaace,  aount.ed  on  wheels,  to  be  rolle d  into  place  upon  rails. 
To  permit  airtight  attachment  of  the  test  sections,  necessary  because  of  th« 
subatmospheric  test  section,  the  contraction  and  the  first  diffuser  are 
arranged  to  slide  ob.  rails  for  a  short  distanee  along  the  axis  of  th«  tuanel. 
The  contraction  con«  is  detached  from  the  large  nection  because  of  the  air 
exchanger  outlet,  and  the  fiiffuser  is  arranged  with  a  sliding  joint  in  a 
short  constant-diaaeter  sectioa  iaj&ediately  upstream  of  the  first  corBer# 
Balances  \ 

The  balance  desigB  is  based  01  the  use  of  oil  pads  for  force  and  moment 
resolution,  aad  hydraulic  cyliaders  with  rotatiag  pistoas  for  weighiag*  The 
balaaces  were  to  be  remote  iadicatiag,  to  avoid  the  aecessity  of  haviag 
^''Servers  working  uader  the  low  pressures  existiag  ia  th«  test  sectioa  at 
high  velocities*  No  eomplete  particulars  of  the  balaace  desiga  are  jarailable 
at  the  site,  although  simple  schematic  drawiags  wer«  fouad.  The  balances  £ 
wer«  designed  by  Dr.  Bauer,  of  LFM,  aad  the  first  oae  (  6  component,  general 
purpose)  is  beiag  coastructed  by  Firma  Schenk,. of  Darmstadt* 

Persoaael  iaterviewed«  aad  Disposition  of  Target* 

The  personael  interrogated  included  Dr*  F.  Schwaiger,  of  LFM,  ia  Charge 
of  the  techaical  phases  of  the  construction,  aad  C*  Schiadler,  administrative 
director  aad  expediter,  sent  from  the  ELM  du  ing  the  later  phases  of  the 
construction  in  an  effort  to  speod  up  completion  of  the  tunael.  These  persoas 
are  at  their  hones  ia  the  neighborhood,  and  may  b*  fouad  through  the  Military 
Gove  L-amcat  at  Lager  Haiming,  or  dt  the  wind  tunnel  Offices*  Lager  Haiming 
is  a  camp  built  origiaally  as  a  labo  camp  for  the  construction  of  the  wind 
tunnel  and  th«  West  Tyrol  power  project,  and  is  now  in  use  as  a  displaced 
persons  camp,  in  additioa  to  contaiaing  a  few  P.W.  *s* 

The  personael  were  «xtremely  cooperative,  and  showed  eomplete  sets 
of  construction  drawiags,  aad  reports  describing  the  project  aad  the  iatended 
construction  of  the  laboratory  of  the  LFM  at  Ottobrun,  near  Munclh*  Dr 
L^awaiger  discussed  the  etails  of  the  tunnel  de sign  and,  together  wirfeh 
two  A  the  contractors*  representatives,  provided  Information  on  the  Status 
of  the  construction  contracts.  This  informatioa  presented  in  appendix  1. 

The  Office  buildiag  was  fouad  to  be  edequately  guarded,  and  the 
occupying  troops  were  instructed  to  maintain  the  guard  and  to  p  rmit  no 
lans  oi •  documents  to  be  removed*  They  wer«  further  instructed  to  pro,t  rät 
g  ricteri als  and  e  at  the  sibc,  pendimg  a  dccision  as  to  the 

■  th  wivd  tu  jie  i.  project*  49<T 


Histor.y  of  ötztal  jro.j ect« 

Theötstal  pr-OQect  was  set  up  as  am  "Aussenstelle"  of  the  LFM,  Munich* 
i  u  has  been.  p3  anhed  that  the  LFftJ  shoul^,  be  a  centre  of  aeronautieal  research 
for  South© Germaiiy,  müder  the  sponsorship  of  Dr.  Bauemker, » • 

v?hea  completed,  the  LFM  was  to  have,  im  additiom-  to  the  STim  ötztal 
tunnel  and  a  possibl©  duplicate  tunnel  at  the  same  site  intended  for  • 
eiLgiia®  teste  only,  a  2,?  meter,  closed  throat  &igh  speed  tunnel  at  Ottobrun. 
Art  Ottobrun,  whers  the  cemtr&l  LFM  Offices  were  to  have  been  located,  were 
also  to  have  been  two  supersomic  wind  tumnels,  on©  continuous  Operation 
Guidoxiia  type  with  a  test  sectiom  40  by  40  cm,  and  the  other  a  25  by  25  cm 
intermittemt  tunnel«  Im  adrition  to  the  tumnels,  the  project  imcluded  two 
engine  test  laboratorieo,  one  for  turbojeÄfcs  with  «ix  t«st  Stands,  imcludimg 
equipmemt  for  simulatimg  altitude  comditions,  and  two  conventional  test  2X2 
Stands  with  vertical  intake  and  exhaust  to  the  atmosphere.  The  secomd  emgime 
laboratory  was  to  habe  been  built  for  rocket  testing,  and  would  have 
provided  six  test  Stands. 

The  high  speed  tunnels  of  Otfcobrun  (2^7)  and  ötztal  (8m)  were  &es5,gned 
by  Dr.  E*  Feters,  of  LFM,  formerly  of  M*I*T* 

‘  The  construction  of  the  Ötztal  tunnel  was  begun  in  late  1942  or  early 
''945*  At  present,  approximately  19  milliom  of  am  estimated  26  Million  marks 
nas  been  spent  on  the  wind  tunnel*  25  to  50  Million  mark«  £22  of  am 
estimated  40  million  has  been  spent  on  the  power  project* 

According  to  Dr.  Schwaiger,  the  progress  the  construction  of  the 
tunnel  was  slow,  principally  because  of  labor  eofficulties  and  the  diff— 
iculties  of  transportation.  All  the  steel  work  was  JSabricated  in  plant» 
at  a  considerable  distaitce  from  the  site,  and  only  a  negligible  amount 
of  local  J  ab.,  could  "r  sbtalnea*  che  last  few  momths  of  the  war 

when  the  possibility  of  loss  by  bombing  of  -ehe  only  two  operating  high  speed 
subsomic  tunnel s  in  Germany  (Berlin  and  Braunschweig)  beeame  apparent, 
great  eff orts  were  nade  to  rush  the  pro^ect  to  completion*  Little  progres« 
has  been  a^de  since  February,  principally  because  of  the  disruption  of 
the  German  railway  System.  The  work  is  well  mlong  toward  completion,  and 
couül,  in  normal  tiaes,  be  completed  inabout  six  momths* 

Conclusions  and  Recommendation» 

The  ötztal  tunnel,  if  completed,  would  be  the  largest  XgX  high  speed 
tunnel  in  the  worid,  as  f*r  as  is  known  to  the  team*  The  tunnel  would  have 
the  ability  to  perform  tests  of  compfcete  models  of  high  speed  aircraft  of 
greater  accuracy  than  the  tunmels  available  at  prese  o  in  the  United  States* 
It  would  also  be  uniqnely  suited  xor  tests  of  turbojet 
engines  and  other  jet  propul siom  arrangements  and  for  perf.orming  high  speed, 
high  Reynolds  Ko»  tests  of  wing  profiles,  for  the  developement  of  high 
speed  subsonic  aircraft.  Because  of  the  mltipel  wo  king  section  arrange-* 
ment,  a  very  larg*  volume  of  work  coudl  be  performed* 


It-  Is  not  considered  practical  to  rcmove  the  tunnel  to  the  United 
tates,  since  the  Opera  tion  of  the  tunnel  is  clependant  upon  the  availability, 
of  large  aKounts  of  v/at  r  po.:cr ,  and  the  value  of  the  tunnel  proper  is  not 
enough  enough  to  justify  che  cost  of  disasserbbly,  shipm  nt,  and  re— erection«, 
If,  hov/ever,  it  is  concidcred  deci  able  to  operato  the  tun.  >cl  in  situ,  the 
tunnel  could  be  placed  in  Operation  in  sin  noiiths  to  o  e  yoar.  If  it  is 
not  considered  desirable  to  operate  the  tunnel  for  the  use  of  the  United 
Stans,  it  is  reconnended  fchat  the  tunnel  be  destroyed. 


/Ipm'Oix  ±  STATUS  Qi?1  ÜTZPAL  TUUNTIL  CCHfRAOfS 

I  —  Tunnel  Structure 

a.  Foundation  conpleted. 

b.  Steel  wo rk 


-  The  tunnel  was  to  be  built  under  several  contracts,  as  listed  b  dow: 

(1)  Maschinenbau  A»G.  Augsburg-Nurenberg  (KM)  (Plant  where  parts  are 
being  constructed  is  at  Mainz)  Contract  includess 

Part  Status 

Contraction  95/< l  installed 

Test  Section  Carriage  60%  conplete  at  factory 

40%  under  construction  at 
factory 

Test  Section  Under  construction  at  factory, 

50%  conplete 

Ist  Corner  Vanes  have  been  shipped,  have 

not  arrived.  Shell  under 


construction  at  factory. 

2nd  corner  Same  as  Ist  corner. 

Ist  Diffuser  50%  installed.  Balance  at  site 

and  in  transit. 


(2)  Firma  Dingler,  Zv/eibröckcn. 


Par  c 

Motor  Section 

Air  Excharger  Seition 

2nd  diffuser 
3rd  corner 
4th  corner 

Consti.nt  diameter 
section 


Status 

Installed 

Suppo"ting  rings  installed,  rest  under 
construction  at  factory. 

Construction  begun  at  factory 
20%  installed 
60%  instalxed 

Supporting  rings  installed  or  at  site. 
being  fabricated. 


Plates 


(3)  Firma  Kunze,  Heidenheia 

Subcontractor  to  Dingler,  building  duct  v/o  k  and  intake  for  oir 
exchanger*  Work  is  partially  cmaplete-j.  at  factory. 
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II  FOTO  x  LAUT 

a»  Peltom  Wheei  Tu  bines. 

These  are  being  bullt  by  I.M.'  Voith  TurMnenbaUf  abrik  at  St,  i ölten. 

One  wheei  is  coaplete  at  site,  the  other  conpleted  at  factory, 
probably  not  shipped,  The  housing  for  one  wheel  is  coraplete  at  site,  The 
toher  housing  has  not  yeb  boen  installed, 

b,  Propellers.  Believed  to  be  ander  construction  by  Veith.  Status 
uncertain. 

c,  Shafts,  bearings,  and  control  goar.  Under  construction  at  factories. 
Sxact  locatibn  of  parts  uncertain. 

d,  Dam,  tunnelsj  and  conduits • 

Dan  and  maia  inlet  tunnel  by  Siemens  Bauunion.  Tunnel  conplfcted, 
daiü  construction  startöd.  Steil  liner  for  lower  pari:  of  tunnel  not  at 
site.  The  conduit  for  high  pressure  water  Distribution  is  being  bullt  by  MAN 
and  is  being  f&bricated  at  XMX)ÜÜ£Kii'.JQ£X  the  factory.  Fev;  parts  are  at  the 
site.  The  Status  of  the  run-off  tunnel  was  nfcto  exactly  determined.  It 
is  believed  to  be  90;^  conpleted. 

III  —  Building 

Arbeitsgemeinschaft  Innerebner  Mayer 

Approxiraately  60p  coiaplete.  Foundations  are  complete,  and  walls 
are  partially  built. 
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.-»ohiv.e  01  Jet  otora 


ixrbl  the  ^orlz  öi  u!kj  7  oup  ts f.Xüätir c-a^ölioiil neiai  oräu  at  Peonu- 

undo  • 

!•  Jet  aotors  usins  ehe  ioal  oiicr;:;/  io?  tfieir  uotivutioa 
ijay  fcc  o lasse  aa  Eollowa* 

a«  Jet  mptors  aotivatod  b  aelx-u  t  iinoi  oi:e--.ileal  »>ropa  Hanta 
1}  Solid  ^ultibüSü  isropclianta 
£)  ^olicl  liquid  propallanbo* 

3)  ^iqtiid-li-^uld  pp0[>ella;it3 
iTopollants  oi:  the  type  u )  'lxxj  hc  cU-her  .uitipröpellii  La 

Q T  -lonoprope  1  lallt 3  . 

b*  The  Bsenerjunü  a  /jroup  (-Slüktrü.  iOchaniache  erlcc  >  haa 
not  rioricsd  on9  and  haa  vor,/  iittle  knovled^e  of  #  -otora 
usijtt:  the  proAicliant  oo  ibinatiuna  u)#  b)  and  tue 

J?ox%>  Ilxw  in;  r/orkod  essential ly  onl  on  all toropel laut a 
eloher  ox  ths  apontaneoualy  ijnituble  type  (n/p-or  ;ols) 
or  Ox  .he  not  apöataneouöly  i ^Utable  type*  ni  esä.jp le 
o:  hyp'4r;ol  pro  po  Hont  s  la  -*ised  aold  plus  cotoliuc,  hl  eh 
^is  ujed  for  ihn  TI  besser rocket* 

'*n  cac&jplc  Oi  not  spontu .joonaly  i  .nitAule  ,.-ro  jellanta  io 
,  Ethanol  plus  liquid  o%  (plus  T7.tt er ) 

-hl  eh  ooab  inatioii  wao  uoed  in  tho 
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•*  !:•:  -  .divij-  or..  ri  tip  ;■  iod  Cro  -nn  >/“öxläc  (ZIT,Or. } 

asoo-tlall.:  .'i3  a  .^onaoropell^nt  f-ith  aodiaft  pc^nan:iafiate 

"a  :n'-4  ao  a  oat:iljsar  and  ^atcr  as  a  ooc  lernt %  In  the  stoon 

-e-iiür&fcor  tr.ioii  drtivcg  tha  tnrbinc  naap  ao&blxutlon  i‘or  «ho 

^opcllant  -iDod  :: .  at-o  ■  o-?  th®  V^m  (  T ho  h”d?o  *on  pcsroxi&e 

■otora  p:a*tIov..l  \r-i.  dovoloped  h:j  alter  ln  g&el«  5  • 

lU  -ho  min  conto- ihn  tloa  o.  tho  pccna-auil©  ,-ronsp  la  tfeo 

latc^atloa  ox  raivitivol;/  "all  *.aror?i  i-'iotn  on  li-juid  Jot 

propo  Hanta*  clo&tr'luul  ini  aöhaulcal  Castro i  iüö:aaaia-:a3* 

hallt ~tlo  &so  leV*  vn.:  mhv.-jlaU  doalnn  .^y.l  oo  ;atruötlon 

i  t;  a  ■■). .00330 •  :.:l  i.v  ’  -  ro&ot*  tho  \d.  ittontlan  ahould  b© 

(jj'.YiYi  Zs  tho  an.xtl ja!  -3iaa.:t  adfclijtona^  aal  os&ur&noe 

lt.h  '.;***.  ch  :.h.  oli  [;tou  ?  -ardod  on  th©  vor..-  n^esrouo 

nrohlo;  .3  vh jjsli d  tc  h.j  colTcd  zo  -Vi- :o  c*ho  Vf,  a  :*?&etloal 

*#  *• 

3-jpoe;:  .•*  i’oaooalcv  oontrlbi.tlon  oj  tho  -?conoi:Auale  group 
’-n  a  p/'©il;;.la.ry  dövolopf^oab  -tt-.*:  on  t-ho  ^'diaacrf' all%  a 
h:t;h  opc-od  Jod  pr^elicd,  portl:  r .vlia  ;;.;Ided, -and  uttlaatol- 
aoidrhoni*  nioailr  Hbtah  l:x  w:  oo  vildcralilo-  Intoroet* 

ä^g&^JLr  intd,;cu  f'tartal  duob  mtarü\ 
oh evs  o hls  t;;-oc  rsro: 

Jho  aerodi-ot  { nllars  ran Jot*  ithodyti*  aerothor  o&- 
n  v  :1c  duot  )• 

b)  Tao  ucrorc302»ui..o^  ( bnss.  bonb  :.totor  tjp©) 
o)  Jho  ••K;r-0;j-..l3ü 
a )  dho  :»w?a  i  ut-  bt.  J >, ts* 
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The  Peenemünde  -jroup  (dektromefefeaniaehe  erke )  did  not 
in  any  -”ay  eontrlbute  to  the  development  of  motora  of  the  dass 

i 

3.).  The  general  kno* ledge  of  the  group  on  aerial  duct  motors 
aeeraa  nerligible. 


Und  water  Jet  Uotora« 

Ho  development  on  motors  of  this  type  was  done  by 
the  Peenemünde  ^roup,  In  faot  the  group  in  CSormiaoh  Partenkir¬ 
chen  aeema  to  have  no  knowledge  of  any  kind  on  underwater 
Jet  mötorSo 

4*  Instrumenta tion«  Theriaeoheaistry  etc» 

Ho  radieally  new  reaults  in  theae  fielda  aeem  to  have 
been  achter od  by  the  Peenemünde  group  whioh  wae  interrogated 
at  Garmisoh  Psrtenkirohen« 
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äxaminrtlcr.  of  'ßvAyment  in  Train  at  Fi  et  Ihr  Station 


When  the  Radio  Equipment  in  the  five  cors  of  this  trair  is 
finplly  oxcisdneö  it  will  be  desirable-  to  have  present  representatives 
fron  the  Slectro  Machen!  sche-Worke  to  assist  in  recognisi ng  the  varioua 

oi  cos  of  equipment« 

The  men  concerned  with  the  various  divisions  of  Radio  Equipment 
-r.,’  iver  below  end  the  so  would  be  neeful  for  the  above  purpose. 

a  app aratu s  belonging  to  M- 

1,  Dr  Steinhoff  as  he  ad  of  Electrical  Section  has  the  best  general 

Lno'.:l  edge  of  the  work  in  prcgress« 

2.  KarJL  Ger  dl  er .  Carriod  out  jauch  of  the  liason  with  manufneturers 
iic  kne??s  Lhe  ground  equipment*  most  of  whieh  was  bullt  awa  y  from 

P -  -ij.eiuünde s  vory  well« 

Dr  Friedrich  Kirschstein  was  in  Charge  of  section  dealing  with 
1  eatrical  Moasureiacnts,  Integrating  Accelerometer s t  Telometering® 

Joachim  Muhbner*  Has  full  knowledge  of  Verdoppler  equipment* 

Keimt  Hölzer.  Has  full  knowledge  of  Leitstrahl  equipment. 

Albert  Scholar.  Has  good  knowledge  of  electrical  measuring 
Instruments« 


b  T aaserfall 

7*  Theodor  Netzer.  Has  good  general  knowledge  of  Wasserfall 
e  uipment. 

8.  Dr.  Helmut  Weiss.  Has  good  knowledge  on  homlug  devices«  He 
is  head  of  the  section  dealing  with  these 
devices» 


Bil It  Sharp® 
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'14  -  ;?  ..iL 


.  ■.  ihr  u,  r.  ,  t  t  ;  ü  ..  .  j-  v 

tt>  .  u  e  thwial-  ttr  ' 

“Uliiv  :  r.,  jj%nol-  4  -.ral  nter 
12,  r  -nstsi.-.f-  v  ivr  iett  ing. 

-«tnltjr.«  .;f  tr«f  ^»ui,  ,4  .  '  , 


^3  >=«.  t u-  h  f.- 


r‘  *  n‘w*cl  -ft-  .l..-t-ir-. 
**r  ■■-i'  tu:  c® 


c'2  -w  by  ÄEcrc  ■.  L>-  by  i.  *r,  -.e. 

—  —  -  Ive. 

Ä  tea.  ro.a  tue  c  «hin  u^n  :  tKt 

f*  «"■*  *  22  o  >17  Ic^ 

M  .  13  -  330  fcfc  (ä5  Vll« 

uWfci~nt  Jf  bh*  0t-)ve  i„  jilta 

!{£  3i2e»  *  13*65  -  15,6.6  ...lies 
**>.6  •  ♦  c.05  «  rCiUtp  - 

.thtaol 


June  li-th,  1^5. 


-'•i«  »  >-  ;f 


;  fi?  nt  tt  ir.i  n  lir.e  l(  ite 

>5  'so»  *<:•:  w.  U;i  ."Ir  uv,  --»Int  il  -  j,‘j  wn. 

1  -er;.  lj  l.ft^  tc  Une  of 

si^ht  Ht  »IW™. 

J-. «nt  ts  _ 


■'r't  in  .  L .i  t,  l  -  .  i;  ht  -if-B  tuliig 

tu  .'jbiä  ,2 

.  i;  K  <f  •»  t- L'  (.  t:  2,873  «g* 

\  r  1,000  lt£. 

Li  )j  J  _ 

j  kt» 

■“  43  fcfc. 

60  .t£» 


t t  .jv,  j  ’ 


-•  *BfV  t-  S.Jt:  -1 
t  ■■  tjr.i  .  ■  t.t 

•  t  t;  -f  :  ;  ot 


VA  *;■.  .*.  - 

I  lh, 


4,90-::  h^. 

-A>7S7.  *a> 

li.titü  kg. 


-  '«tilfc  ..2 

j.y  .U'i.  j>er 


2.1  km.  j 

222.9  ka. 


222.6  ka. 


Tracks  of  the  3W-special  tr&in  fföia  Hohenp e i 8 s enb erg  e 
Victoria  (  Directing  Bo&m  )  arramgement  complebe  for  V-2 
Victoria  examination  arrangement  (screen) 

arrangement  for  the  total  examination  of  Victoria. 

3  model  -transmittors  E. 

2  Victoria-  examination  disks 

1  side  Integration  arr angement  with  a  measuring  he ad 
1  stabipla  (stabilisation  platform  for  gyroscope  outfit) 

10  Treibunnen  (  gyroscope  outfits  ) 

3  models  of  the  rocket-course 

1  eiserne  (iron  Virgin)  Yungfrau  Spart  of  the  model  of  the  rocket  course) 

1  Illing,  arrangements  for  thtal  examination  and  the  examination  of 

regulation  for  the  Mischgerät 
5  Mischgeräte 

2  Haus ermann  pendulums,  different  measuring  Instruments,  examination 
arr angement  for  Mischgeräte  W,  motors  for  electrical  rudder-machine 
and  necessary  examination  outfit. 

Sclwingtish  (  for  examination  of  gyroscop&c  outfit  ) 

Gummuoand  Cspecial  regualtion  artangementHfor  Wasserfall') 

ChestsNO  2241/46,  48/41/  185/187  /  with  a  model  of  the  rocket-course 
and  measuring  instruments. 

In  the  Truck  Nord  Bdge  NO  10450 

1  electric  transformer  20X25X25  cm  (for  radio  control) 

Kleinbahn  (äbove  mentioned) (little  model  of  the  course) 

che st s  of  the  follcwing  NO  2242/  y, 14 t 16 ,26  with  four  tubes  for 
electronic  ray  oscillators  measuring  instruments,  measuring  oscillators 
from  10-100  Mcls  and  a  brddge  for  measuring  of  capaeities. 

40  receivers  of  commands 
30  Verdoppler  (  doublers  ) 

5  electronic  ray-  oscillators 

3  galvanometer  oscillagraphs 

measuring  oscillators,  examination  oscillators,  frequency  generators 
bridges  for  measuring  of  frequencies  and  inductiveties* 
measuring  instruments  xwith  different  ranges  tubes  various 
electrical  material  several  equipments  for  V  0  measuring  (  Lalerno) 

2  transmitters  of  commands  II  examination  arrangementas  for  ES  (Brenschloss 
examination  field  equipments  for  the  input  and  output  part  of  the 

V  0  measuring  transmitter. 

1  Z  (additional)  equipment  of  the  BS  arr angement 

2  phase-chan ge rs  for  LS  arrangement  505 


01-;-^:;;  .  *1,^7 

hL^AJS^L 


1S£L 


1  Box  T7itii  approx*  lOüO  roceivin  tubes 

2  Development  radio  uiilts  5  pancls  hi;;h  &  2  ^idc 

2  !?elay  roclc  radio  unit3  6  panelo  hi-h  W  2282/54 
1  Box -m Iso.  radio  parts  Meters  etc. 

1  Box  tubes  (approx.  500)  &  parts 
Bohrer  wnits 

3  2/ros  in  lar  ;e  spher es  (about  2i't.  diaa)  Sg  66 
1  Cabinet  .Ith  brea&board  ciro  its 

1  aox  radio  trat  instrumenta  useter3 
I  Box  lab. 3  oi'fice  e^uip. 

1  Box  control  ,^ear  (  round) 

2  Box  rjisc.  radio  ;ear 

2  Box  tesi  laeters  &  ociu'ip  • 

1  Box  t^lephones,  rations,  etc  (ratio.,3  'rosoved) 
1  Box  radio  ~ear 


1  3F0 

7  P©’7er  supp  ly  units 

2  Bep  resorders 

1  Signal  uenerator 
1  Brea&beard  oecillator  unit 


aO  cu.  t. 
u5  ou.  i't.t  .ho l-o 

12  CU.  i't,  CUCll 

12  cu. 

12 

10 

15  euch  {  ?holo.j) 
c-0 

10 

10 

10 

0  oaoh 
10  eacii 

10 

15 

20  eaoh 
10 

10  eaoh 

10 
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-J3K _ _ _ - — -  _ 

2  Tl£%B 3  Steter*  4  tubee 
X  Box  la’3  oqulp 
X  Bc&  toeXa 
X  Büx  wir® 

X  Booi  Cryat&Xe 

x  iro 

X  ,ßox  Ciirborusäua  «bm&M 

1  ’prequoE^f  Masurlx*«  bsri%* 
X  Istsrecs  #«$ 

X  Eadio  taut  sefo 

2  a^eeters  slwlatlon 
X  3®  CUT 

X  Special  r&dio  tost 
X  CpbieaX  rmrdear 
1  Vao«  bub»  voltaeter 

1  12  V  Satfcaary 
X  Box  raöio  bardis«?« 

3  Boxex  sM,o.  rt*4io  gser 

1  £*2222  /X5/2  (Xatfee  Uk«) 

1  Bocr  cablet  e@Jsi»etors 

2  R-di©  «c  ^peaara 

1  Box  radio  ooapQweot« 

2  Box  radio  oomemnta 
/  Box  radio  eowpomnt» 

1  Condeafier  aderephotMi 

2  OselX  &?  fllfiere 
2  Tube  bosee 

X  Gable  mrnms^m 
1  Special  radio  gear 

1  Box  recoiripg  foton 
X  Gptical 

X  larg?  relay  goc&  (rt»*ao  1} 

2  Telephone  ffrltt&würf  3  t«, 

ft«  oach. 

i  Oprlc  il  ^223  ir/20C 

40  Large  A*4  i‘adio  nulte 
1  Box  caatiqgs 

3  12?  batteriee 
X  Box  1  F  oolla 
1  Optloal  derio* 

1  Frequeeay  ooBWtcrr 
1  Box  Office  equip* 

X  OntloaX  devie» 

X  Fledl  »trengtb 
X  Cu  0  vneti*l«r 
X  Wide  band  ßtff  «plif. 

X  Frequeaoystbsr 
X  Sound  re«örd«r 
■*  Radio  gemr 
Jtt  0  reeUfier 
1  Sntereer 
X  Persern!  eXet&ftg 


so 


3  of  ©ach 
2  ef  «ach 
2  of  emh 

2  of  eacb 

3 
X 
2 
1 
X 
X 
1 
1 
3 
X 


»ach 


6  total 
30 

4 

4  eaeh 
3 

3  «ach 
2 


1  eacfc 

1  ©*H5h 

1 

2 
1 
X 

40 


1 


1 


2 
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%  Box  D  F  loop« 

1  Box  radio  perts 
10  6  V  Batterie» 

X  FreTaoney  r<»corder 
4  Irif*edauce  brigges 
1  Box  epeciel  ru’io  gear 
X  Buskat  olothes 
X  Sex  radio  per1'« 

1  Traaraoeirer 
X  HFC 

X  Optica!  dselce 
1  m  roctifiar 
1  Box  doeur.au  ts  (reue red 
1  Box  lab.  parts 
X  Box  radio  hsrd^ore 
X  Box  hcueehold  gpods  4  cri. 

1  Box  releye 
X  Box  aotors  *>.  gears 
1  Box  radio  Kxrb.'^r« 

1  3ox  polystyrera  ^ubi  ij 
1  Traj  «iarjlaior 
30  Sisell  radi»<  Tmltr 
3  Box  relays 
1  Po»*r  unit 
3  Boxee  relay«  trübes 

1  Mlsc,  ra^io  gour 

2  Boy.  optloal  gaar 

1  Bc->“  ruc? 

1  Leb  teet  Inst, 

1  3ox  radio  par ts 
1  Bok  cable  narkers 
X  Fi  Xd  sound  recorder 
30  I«*rge  radio  tubes 
6  A«4  gyroo 
X  Box  opiieal  gottr 
1  Box  dry  eells 
1  Bear  rs^  tesre 
1  3er  ioleph  equip« 

X  4p  dal  radio  t.eet 

1  rocor^?»r 

2  Box  »ui  sc, 

X  Cnn  Briver  reeistor  dovioo  for 
voitag*  •Inulation 
1  Box  C-T 
1  Box  cordenser® 

X  Box  titrier® 

3  Ueeeiverwfilter  unit:? 

1  Large  trlood 

1  P.actifier 
1  Dr  ^oeenthal  teeter 


X 


m 


3 

1 


3 

4 
1 
X 
1 
4 


1 

2 

5 

2 

3 

X 

3  es* 

2 

3 

a 

30  m 

1 

t 

2 
1 

1  M 

s 

2 

4 
2 
2 
JL 

2  eed. 

* 

3 
3 
2 

2 

2 

X 
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1 

2 

3 

4 

5 

6 

7 

3 

9 

10 

11 

12 

13 

U 

15 

& 

16 

17 

13 

19 

20 

21« 

29 

30 

31 

32 

33 

34 

35 

36 


&mmx 


jafiss  ggpff. 


DfiOTX 


?^-S65 


>i3a 

2234/251 

^«jß3719G 


Typ#  ©12  6 

023 

022 


(14  box®»  altogether) 


i»«rs3*  («.7) 


SOS 


Yt*U»<*B«C.  PqMl  (?) 

(Mar  b©  C.M.  Imiip) 

6  panal  rack 
2  R«F«  oonoeetore« 

Box  11«  ocaqp. 

Bes  RI.  oorcp. 

Cullbr&tj  panal  sir-all  «dt 

with  «eet  for  replaaasbla  tudmcnm 
imita*  Hebbar  r»d») 

Ssaall  i mit  hsvin»  4  dia3»  eoli* 
brated  in  »ec.  Op«  l&bleä 
Vc  ?4;o»mado*  R>jtrno#e  unknown, 

Box  aoossmtlTjfT  rs'-wd«.  Ti«a  «ad 
*©rk  boeks  for  all  «splcy-sa«. 

Part®  carder  recor^sr*  C na  «©öden 
bas» 

Irans.  ¥©lk#  Htijh  Prteri+y 
Fr&qvutnagr  Bridge* 

PP2  CS  Töba 

Box  «X*  ©oisronam»* 

Box  ®1  öosponsat*  ledU  na  sh 
eselllogntph. 

Bcniterlns  ruck  icdU  16  panal». 
j^trpe®#  tmkn&wn. 

Spot  fraquancy  trasnlttar. 
Xfeted^g  fit  switab 
udta  tep  neter  «cra  eoraantrto 
witfe  noch  plttwbitfcj  lara  «dt« 

Sex  ©loetrleal  eoi&*tmsts« 
mm  m 

mm  a 

um  u 

u  •  a 

9  9  9 

Box  privat»  baloiving*  FroPfeaeor 
Schloab 

Traiisdttar^tirkad  Baobachturm» 
Stella  fttr  )*m+.  «er  »no^ps  to 
ba  v.fe.f.  trenewltfear*  lir  eoolod 
vslvo. 

Fair  aatal  bo*~  -.ad*  cabla  fit 
»eaaxriag  haei  (rirobably  aoufidlaral 
im.) 

Signal  Oen*  ©r  n»ygnw  >  fer  Bvf« 
uriowwn.  cabla 

Box  oont<clro  »d'freriro^rarh  prletar. 
Äwer  unit 

4  Panal  Rick  looks  11k«  Coming 
träne«! tter. 

Control  k  «ater  panal  about  4'«39 

m-&S&S£r~th* 


Ä  »*  i  fcftfc  51  555  ft  55» 


3? 


53 

H 

55 

57 


1«  I  1  */*•  x  2* 

(PwujeKtmäo  ShMbsT  SM  27} 

axoa 


S2S1?52 


im« 

TO27 

fiMmunüssopcs 

»  Er  3&»XW&  B  k  C 


«fcAÖ24*  11321 


I«Pg«  stfttl  box  witfc  flSMli  r*»w 
units» 

Special  purpoa«  pta»! 

4 

XiOokfl  Uke  sdöötx  «baut  1  »«U;  * 
?wo  imit«,  thr«t  d«lo»o<!  meaüu 
ßox  ift»ebanio«l  fxtpft«  or  flgs, 
purpoM  not  ’-rscw»* 

Bwe  «Xsctrleal  tae*  ««  ttip« 

Eos  lab  eqisijpffiast  Uw 
prosaure  fook  oae 

g»cg*  Ott?,* 

Appsar  to  be  teat  fer 

A»4 

Bow«r  pack  for  r@s*Ü6  trai»wAfti«pe 
Sais  VW  4K  Sp&r«  p&rts« 

Tq1®p 

ßi#  tributi.cn  wte©l« 

Teet  panel  for  ^  *9w*t%j£  «i*  gy 
fyro  &  rudtf«r 

loBt  pesel  for  a«4  ^t©i  gyy®# 
Othop  toat  m.wüß»t  •  •  for 

ä-4*  but  x&ct  purpc^a  wün&m&m 
63*ti»7»BiÄ-R»3osöiBg  «Mtcr. 
Coebinod  tust  nanal  for  &  l 
6  TOrtihart« 

TaCt  pBXWl  I  $3  Pftä»!  f«g> 

Mw»i»  X. 

Pnbln  »»«eably^ccd«  sar# 

%Ma!  dar» 

Lbek»  Xownrolt  pwwr  twnk* 

ASS  Typ«  »vn  &  Sl«etmi« 
asBCB&öyamall,  lwokfl  Uk»  U. 

4*  ^  4  ec®* 
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m  n  Ptm  mmi 

13  m  ms 


JäL 


1  AaüoSI«  Qm 
1  1 ar  fatttccy 
1  ^ro 
1  SmIIMm 
1  Boot  tote» 


I  Bk  nnta&i  tetes 


x  mmgt  t«**« 

l  3®  X  4*  fCMl 
X  tala*  MtjMmt 
X  leMb  te*tem  vte&o 
X  »slikt^«^ 

1  Bk  Iflk  wtfM 

2  Sfpü  |Wit«l 

1  Mmw 
1  SssM«9d» 

1  ?*■$  $WU 
%  *wl  mm  teXte 
X  %nwur 

1  teil» 

2  «uBw 

X  teilte» 

1  BexvaAfte  «pdp 
X  tealnnniwnte 
1  Bofrtotes 
X  Box  r«Uo  €pjt» 

X  •  •  * 

200  ft  R»C«  Mi» 

X  Bes  nsi»te« 


X  Bk  nüo 

2  »  •  m 

X  «ex  tetet 

1  Bott  «£s» 

1  los  |MT 

X  Bk  Bte  »te 

3  i*#c  *»i  ite 


I  «e.  ft. 
3  ob.  ft. 

1  «u  ft, 
3  ««.  ft. 
3  ffti*  ft. 
3  OB.  ft. 

3  eu.  ft. 
3  ou.  ft. 
3  m.  ft. 
3  w*  ft, 

3  OB.  ft. 

4  es.  ft. 

2 
X 
3 
X 


2  «u  ft. 

2  «u  ft. 

3  öb.  ft. 

3  OTU  ft. 

4  ob.  ft. 


3  «i,  ft, 
3  es.  ft. 


4  ob.  ft. 
3  «o*  ft. 
3 

2  OB*  ft. 
2  OB.  ft. 

1  OB.  ft, 

2  OB«  ft. 


4 


3 

1 

3 

1 

2 


2 

3 
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4 


a  wim 

1  £ m.  wuUm matf/st« 

1  luwtlüte 

2  g*t£a  m*m 
s&  t$gw# 

I  rtfl&- 

1  ifcss  M?«  ttwmxsaqSte 
%  mm  mhw 
1  3m  ml ay»  (f^*or$ 

1  Orthofen 
1  Äaa  tandaaXa 
X  ä»  ts&&*t&€  iwßirsra 

1  E*©im«r 
X  Ü£TOB&«$r 

X  Ihmrttsm  wdmmm  <brak»®) 

»»Mg#  twM 

x  wm&mtw  $ibmmw 
*  Bla*.  mgl*  mm»  epca#» 

%  m H«  t manem  «#s% 

4  4«4©w*a 

2  äos  *«ii  -  g#«r£ 

Asosrtsii  Xaea®  «atars  M'jKkn  aad 


1  Be»  .VMPflHWi 
1  eesMBaMton 
1  Basalse  ~m  Matilge 
1  Kok  aatasa 
1  Book  wism.  nlii  §aav 
1  Badlo  U»%  aat 
X  Ine  taSai  |  aitm 
1  T«0  toba  naMctCr' 

1  fest  — ill  aata« 

X  Slaotriool  mms4m 
1  fbaoMyta 
X  W&%m%Xo  tag«  nmte 

1  Bwa«»btr 
X  laepüfim 

X  Bes  ?all®  sM@»  ffser 
**** 

X  Box  MBtaast:-.;  *  ete, 

Plaks9  tism*ä&9  mm9  oSudrs 
X 

X  Box  Caraata  mm 
X  FUld  mw&hrnus 
X  Box  wlz 

2  Mb  taat  «alta 

X  Bos  Mat»  latatkmi  ata 
X  Bax  watm 
X  ■  • 

3  Sams  radla  *ml  $m%. 

X  Otto  ma&ad  iss  I  ft*  epbara 
X  "V .  ad  taittfi  4%:u 
1  Eftdifc  Mt  c«t  (ifMlil) 

1  Bf  s%  gasasamM 
X  Bes  artm 
X  htq«*v  aatrr 


3 

3 

X 

2 

X  $&«h 

2  ©«eh 
1 

.3 

3 

X 

3 
2 
X 

1 

1 

X  «M& 

20  «a<& 

4  ^afe 

20 

2 

4 

3 

2 

2 

X  «nab 

3 

2 

X 

3 

X 

X 

* 

X 

2 

X 

2 

X 

X 

X 

2  «aalt 
2 

2 

2 

X  aaob 

3  au«  ft« 
2 

X 

X 
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br^ad’boÄPd  &  j^tw  etftU.  1 

1  Bas  2 

1  Stox  wir«  2 

1  Box  Ulaphoat  «j«4  3 

5  lac«rm  1,  «coli 

1  .sl^mX  g«wr«  fcs? 

1  Sex  rtslftar»  3 

1  Ssperlauital  hm  3 

6  Leb  t®*t  lnsty  1  MOh 

1  Bas  nstcrs  2 

3  t«4  raj  dssmlatcro  1 

.  6  Trlpod« 

1  Box  tohM  1 

2  T«l«phcti»s 

1  etical  der!«  1 
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Uw  Ult  U8S  BSB  «  ^CC  e  S**  *  •>  '•+'* 


U  All  1945 


m 


„.jfSKÄS^ * 


J (WB. 


l 

3 


(A?  Kl  ».) 


SsstoAl 
tat  Ml 

Qrtf  0  29*4 

wdh| 

Sm»4439U 


tone  «uitaii»  30  unlto  $»  04*9$,  K$V 
1221  (li«ldp>t^)«$  gMf] 

Qtmtm Am  akmi  A»10  »litc  sm  Mi 
Ifn  1» 

Fiwt  tferwa  ooat&ln 
•tartard  talaptettU  r'yllTi«*» 

rmuLf  mptlp,  ‘mt  «Bptgr«  111 

Sftstlghi  m  teil  fygm*  »Ith  «1 tm% 

12  aaall  «h*as®a  lotilto. 


ißM  «r  10  alaUa? 

tim  ffitk  msSh&f  ffl&m} 

Bm  toi  öeatai*  i 

flald  typa  awit&i  fpar«  ’ 

Privat«  «taff  mm  But^o 
Appaar  1  toi,  yau  Ir^Ni 
P.k,k,*70U  Crate  «out, 
tohaltttlrll  3  tf  ttest 
•1  aao  ta  ICO  ooo,  a&mt  21  «alt» 
«0221,  7003fWi«ld  tryPa  svitafc  gw. 
Andla  anp,  gaar  lomd  vptektr 

FS  70^/157904  FiaM-type  oontral  gaark 
14  itep  coatonaar  aatvork  h igfc  am 
flltop  600  y  10,000 
Tiat  panal  (e^arlaaiKtal)  fter  toi 
r"**  aqnlp—at 
1  ^  BJt.  ligbta 

16  Swltah  ussita  1a  «hast  not  aU  an», 
Ffcpara  6  apparataa  powibly  partslata* 
tc  aaaauraKaata  «f  TF  Y.  im  atratoft» 
lifewa  (3  poltor*  takan  oot) 

&s*m  öt*w*  »>2252,  2H/£  0  gmf 


OW  AN  1  (Mra) 

Vis  «Ata  10t  im  pxrtrlf 
FM  wita  la  ci  ‘ 


1  Aoit  arappad  la  aardbeard, 

Aas  29 

Ctoat  taaartod  Baf  Pr  203 
Cfeaat  wurbti  Raf  Fr  201  2 


m 

m  2 m/u  m, 

Sa  bas  ctr  paeklgi 


*  iaafa  mM  aa**l«*, 
i  bcmt  U 

»Orttar®  gar&t  Typ«  Ilb 


(alaraa  «Ata) 


25 


SS222!lAc40«3a<ik«ft 


Abottt  24  Qar&t  375  Typ#  laoftqr  X 
(FlaltoTypa  ooatrol  g*«r) 

5  Stabillsed  poaar  «apply  aalta* 
Audi  parbt,  pesaibly  U  maka  GBO 
ChaMia,  b 
Box  privat®  etuff  papara  a/aatar 
lata  books  bolougiag  tc  Kraft«“ 
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Inventory  of  Documenta  ik^oved 
From  Railway  Cars  at  Svä3.ting 


Thi8  list  was  taken  on  14  May»  .1943»  &ud  .iucludes  all  documents 
removed  from  th«  following  carsi  Ford  Beige  KKZW  10450,  French 
Ho.  182142,  France  SHCF  KKnw  212157. 


£  1 


£2 

K  5 


I  4 

K  5 

K  6 
K  7 
K  8 

K  9 

K  9a 
£  10 

£  11 
£  12 

K  15 

K  14 
K  15 
£  16 
£  17 
K  18 

K  19 


£  20 
£  21 


£  22 
K  23 
£  24 


List  of  Cables»  Instruments  and  accessory  parts  with  re— 
ference  to  some  of  the  wagons  mentioned  in  K  2.  File. 

Classification  and  listing  of  specialist  vehicles  used 
for  field  testing.  Notebook. - 

Notes  of  telephone  conversations,  many  with  firms  on  del- 
ivery  of  apparatus  etc.  Contains  cable  asoembly  for  Wa¬ 
gens  Frl,  PrII,  Absch  T.,  Panz,  FR,  etc«  interconnection. 
Folders,  loose  papers. 

Requisition®,  Orders,  deliveries.  Mostly  cable.  Loose 
f older 

List  of  addresses  and  telephone  numbers  of  various  firms. 
Pr  ob. ab ly  belö&ged  to  erder  clerk.  Notebook. 

List  of  cidsrs.  Notebook  with  loose  papers  in  it. 

Labour  lists-;«  Notebook  with'  loose  papers. 

Ordere,  deliveriee »  and  memoranda  relating  thereto. 

Ring  file« 

List  of  corres pondence  and  telegr^ms,  probably  belonging 
to  radic  or  electrical  stock-keeper.  Notebook  • 

Same  aß  I  9  on  general  equipment.  Notebook» 

Stock-keeper1 s  letters  and  meines  to  suppliers.  Folder, 
loose  papers. 

Notebook  of  travel  permits,  loose  papers  relating. 

Small  file,  letter  registers,  destruction  lists, 
parts  loading  plan  for  wagons  mentioned  in  K  2» 

Progress  charts»  order»  materiale,  supplies.  Folder, 
loose  papers. 

Shop  Orders  and  deliveries.  Ring  file. 

Drawings  and  parts  lists  for  Ziegelsteinsender.  File. 
Production  schedules,  Ziegelsteinsender.  File. 

Production  correspondence,  Ziegelsteinsender»  File. 
Technical  abstracts,  Siemens-Halsk#  Tech.  Library. 

Sound  book  of  mineographed  pagea. 

Correspondence  and  memos  relating  to  Mot  III.  Contains 
ex&inals  to  Fa  Geyer  u.  Sohn.  No  mames  of  persona  on 
our  lists.  Folder,  loose  papers. 

Same  as  £19* 

Privat©  notebook  apparantly  belonging  to  expediter  b^ 
name  of  Lammy  (?)  whose  signature  frequent ly  appears  in 
£19  and  K20.  Bound  notebook. 

Inventory  lists  7040/  Los  2  etc«  Folder  loose  papers. 
List  of  firms  and  addresses.  Folder,  loose  papexa. 

Lists  of  parts  and  requiwements  for  wagons,  K  2.  Folder, 
loose  papers. 
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£23  i  ift»  *ad  joi*r«»y0au0*jwe  .elatl.vfc  opcn»j.cing 

of  rävyn.t,  Folder g  loca©  papers. 

K2&  ?*s#  »ort  of  thtng.< 

a27  C:*r  :•©**■  .-ocdencs  d  Instruction®  rolatlng  to  ARP» 

Feld?-  and  Ioo&q  papff-a» 

£28  Ord**’^  &nd  relatitr  QO'-voapondence*  Folder,  looae  papera 
K29  Lcfcsr  reifster«  fScund  book* 

£JK>  Xnatmftions  to  mna  slgna :~ufe3  of  Courier®.  Folder» 

£31  I fcieto-.ete  disaeTtation  by  Walter  Schwidsbsk^,  Berlin 
X?»eho  R?<msahule,  1941,  Ring  flle« 

£32  Technical  folders  on  raoasuring  apperatus,  no&tly  Phillip« 
Also  soRtsins  loo®«  ietter  by  Dipl.  Ing.  Grötrup  on 
radip  msaaurecents  of  interferenc©  otuaed  by  A4»  Folder 
looee  papera. 

K33  Lißts  of  materiale  dellvered,  with  Wareneingang  numbers. 
Folder |  loose  t.*a;;era. 

X34  tiftt  of  cablcs  for  Mot  III.  Folder,  lo  s©  papers. 

£33  Letter  registei-,  small  notebook. 

K3€  lote  book  of  Kramer,  detail®  of  soae  radio  e  uipment 
incl.  Messina  II»  Also  looae  papers. 

£3?  Miac.»  papers,  bill®  etc.  connected  with  Geyer  and  Bon. 

£3@  Spacif ication»  and  dlgrama  of  testing  apparatu®  for 
Buehho.ld9  ®  acceleroseter.  Stotz  Eberbach»  Folder* 

£39  Brawings  for  Vsntilk&sten.  Large  hydraulic  valv®  box 
which  raight  be  used  for  static  testing  or  ground 
control  of  "A-stöff”  rocket*  Polder  and  looae  dwgs» 

K40  Stock  llsts  for-  Kommandopult,  Stromversorgung,  etc. 

3/a,  3*/c*  3/a+c,  etc.  older,  003^  .  «.pe  e. 

£41  List®  of  material  for  Ventilkasten  (£39)  and  others. 
Folder,  loose  •••>p.--.  s» 

£42  Parts  and  material  lists,  a.  .  drawings  for  cabling, 
irobably  A4,  *ox  of  looee  papers. 

K43  Circuit  diagram  and  discription  of  30  volt  power 
ewpply.  Folder. 

$44  Rseirda  of  de^lvarlea  machine  tools  to  HAP11.  Name 
on  foldör  Fühlender?  •  Mac  looae  öheet®. 

K43  Corr*eepoßdence  ©iatin.j  t‘-  work  of  BW229  and  Bf -22 52» 
Folder,  looee  papers* 

£46  Felder  with  packingslips,  papers  and  correepondence 
relafcing  to  dispersals  and  factorlea,  including 
Dernau/ Ahr  and  othera«  Folder,  looee  papers. 

K47  Diepatch  book,  letters*  Beund  book. 

<48  doteo  and  manuacript  on  ©tability  of  rocket,  fron 
aervo  point  of  view*  Shows  tiny  Sketch  of  winged 
rocket  launohed  vertically*  Folder  with  loose  papers* 

K49  Register  of  .orrespondence*  Folder  looee  papers» 

£50  Fühlende rf  notebook  of  truck  loadlngs»  Small  bound  book« 
E5l  Organization  and  peraonncl  records  of  KW  2232» 

Folder,  looee  papers* 

K52  Administrational  papers  of  SW22f>2,  Conbaina  recorda 
of  development s  ol  new  measuremont  Instrument o  by 
various  mmbara  of  group«  This  later  has  nem© 

Bangerter  on  front. 

158  Wagon  loadings,  evaeuation.  Folder,  looae  papers» 
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£54  List  of  apparatue  requiredfor  n Bauwerke  21'%  Polder 
loose  iiapers* 

*55  Delivery  notes  and  specif Ications  for  HF  equlpment 
inoludeing  "Hörnst”*  "Ortler",  and  "J-Ccräte". 

Folder,  loose  papurs) 

-56  Botebook,  oontaining  ro-agh  notes  of  Basierter.  kentions 
14,  sujtoriseä  troops s  irof*  Buchhold,  etc* 

57  Outline  ©f  aceounting  procedure,  Emm.  Deciaal  key* 

Small  bound  publica*ion. 

K>ÖA  LlaW  and  drawings  of  Wehrmacht  HP  dables»  jänvelope. 

K58B  Sam#. 

59  .\Z<t  ti&neformer  Xists.  «'‘olde  • 

60  :»chnlcal  notebook  (rough)  by  Fried!.  Mentions  MJ,  FS, 

51  Instruction  book  for  radle  truck  Installation  lncluding 

dezimeter,  ?  ac,  Impulse  equlpment,  tfae  purpoee  of 
«hieb  ie  unknown©  Title  La  “Bodenstation.  Potsdam* 
Serien"« 

£62  List  of  about  one  hundred  contracts  for  raw  matsrials 

and  parts,  fciving  tbe  naae  and  address  of  the  eontraoto?« 
3oae  relating  correspon&ence.  Connected  with  iVa  Prüf  10. 
Folder  loose  papers« 

/63  Order  on  Firma  LßW  for  relays  and  tel»  equlpment  and 
related  p&pers« 

T84  Lisfes  of  buildingSp  dirswings  of  tsst  app&ratus  for  cabls, 
inventoriss,  and  in  p&rtieular  a  drawing  of  the  ovsrall 
plan  for  "Liegende  u.  stehend®  Prüfung"  of  rocket  simllar 
to  A4S  dated  lü©7*44.  Folder  loose  papers. 

yj>  Wagon  loadinga  and  inventories  reXating  to  dispersals 

&M2252  was  app&rantly  at  üeppersln  in  Setp.  44.  Envelope 
loose  papers. 

a66  Qataloge  radio  parts.  Hnvelope« 

<67  Folder  of  Dipl  Ing.  Wackernagel  with  l@ttersv  and  liste 
of  laboratcry  equlpment. 

<68  Order  book  and  invoices.  Bound  book  with  loose  papers. 

<69  Stock  llsts  and  related  papers,  HW 22.  Folder  loose  papers. 

v.  70  i  ubllshed  Hat  of  vaeuum  hübe©  and  socke  ts  v&th  rat  Inge. 
Hnvelope. 

£71  Folder  of  quotstiona  and  bills«  Soma  personal  stuff. 

?older  loose  papers« 

K7i  Order  form  for  trsaaformers.  Folder. 

£73  Organisation  ©f  Folder.  (Sxtremel|f  valuable) 

74  List«  of  eauipisent  and  related  papers.  Includes 
drawlnge  cf  Prüfgerät  für  '  ichtleiter*  Folder 
loose  papers. 

r/3  Brewings  ©f  Heideprüfgerät  I  and  other  pape  s  relating 
to  priority  of  supply  of  test  equlpment*  Folder  loose 
lapers. 

/.'76  Design  detail s  of  Siemen®  polariyed  relay.  Folder 
with  Friedei • s  name.  Loose  papers. 

iC?V  rransfonser  efeeignand  test  data.  Folder,  loose  papers. 

K7&  *;©re  transformier  design  data.  Folder  loose  papers. 

179  Diagram  and  description  of  7000  cps'tunlng  fork 

standa 'd  f re  nency  generator.  Folder,  loose  notes. 
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K80  Tratte®  on  theory  of  b  .  o«d  band  «mpliflere#  Ho  nam© 
03p  dato.  _  Sound  volume  of  97  p«ges, 
rtöX  Arbeit  ILtUiS  — iaChtiüÄJCUi»  Cxi-nu  .  jj.i.  nortitT  dp  •■jfct  i  ;)iipc 

for  the  «tion  of  hi^h-voltage  DG,  Sound  volume 

45  p*ges. 

n82  Llementary  diagr«m  for  ?R-B»tt  not. II,  -ppea^s  to  be 
cosaplföto  aiagrstis  of  gesund  equipasent  for  14  firinsc 
and  testing.  ln  t older. 


Th®  followlng  Hst  was  taken  on  15  Kay»  1945#  «Ad  includes 
«11  doeumonta  removed  from  the  following  oarsi  P  S  ItAli» 
S1010731,  Oppeln  5^59  Gr®. 

S  1  Organisation«!  material  incl.  org  ehr  t  for  'JM22 

with  n«a©@.  Paper  bound  ring  f older,  loose  papers. 

8  2  Accounts  md  Sotost  relafting  to  admlniatratlcn  of  -ffif. 
Folder,  loose  papers, 

3  3  Hule»  for  oonduct  of  Corresposdeaee  dated  31 .7.1944. 
Folder. 

S  4  Gomplet©  ©rga&igatioa  of  EW  m  of  1.8.1944.  Folder 
loose  papers* 

S  5  Hst  of  firas  aupplying  Pesnemundo  Cat.  Folder  loose 
papers. 

S  6  Kote»  on  purchase  of  apparatua  and  material».  Folder 
looae  papera. 

S  7  Story  of  A4  development  in  monthly  reports  and  general 
not©»«  Folder  Xooss  papers« 

S  8  Hot©«  of  Belfiaath  Pf  eff «  Card  Index  of  Jtiterature  he 
tos  interested  in.  Knvelope  with  foldar  and  cards  In¬ 
side. 

8  9  ftro  rotebooks  ref erring  to  A4,  A5,  and  various  eloctrical 
«uh  units»  In  envslope. 

510  Katheaatical  Analysis  of  Bang©  Control.  ®y  Steuding» 
Bnbouad  memo,  Archiv  87/166  g  Kd®». 

511  Fundamental  carvea  and  data  for  Hange  Control  Studie»  ♦ 
Also  two  boplea  of  story  of  avueuation  of  Sarastadt* 
Folder  loose  papers, 

SX2  -  ßchwidetsky1»  private  note  book,  1944.  Small  Mack 
.book. 

S13  Instruction»  etc*  for  dispers&l  of  IW2232  to  Überhäu¬ 
fungen.  Folder. 

814  Notas,  probably  of  Schwidetjsky  on  administration 
©f  2252,  Fcldjr. 

515  Notos,  prabably  of  3chwitetaky  on  adainistration  of 
2232.  Foldjr,  'ioose  papers. 

516  List«  of  Isar  Gerit©  recleved  and  dispatched.  Also 

some  general  dlepatch  not  es.  M  2232.  Hold  r. 

81?  SÄlsc.  Technical  paper»  ralating  to  I,  Inns,  and  Isar 
gsrtt®,  Looso  papers  tied  in  a  bündle.  (Wer©  found 
seatterad  about  in  cars  and  boxes.) 
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SI8  Papers  rcxating  to  Messkopffrftf gerät ,  los r  and  Inngaräte, 
and  L'iassina  II.  Mixed  ccrr-  ^md-mce  .  Folder,  locso 
ponsrs. 

m  Records  of  telephcno  c&'oip&t::,  ■  '  ,ou3  betwean  Stuhl  Ing  er 
and  varioua  firris  ragarüirv  f-Gerkte,  Folder. 

SSO  Brawingg  and  Specific ai Ion &  Cor  BMK1.  Stotz,  Hberbach. 
i  older,  Ioosj  p&per# 

S21  Papers  relatisg  to  dotails  of  expediting  and  tasting  of 
I»  Isar,  and  Inn  Geräte.  Kot  of  technical  Intorost. 
(Found  loose.  ln  Rnvelopo) 

$22  Contents  of  boxe 3  aarked  for  JW  2232.  FIlo. 

%2l  Lotters  (outgolng)  relating  to  Isar  and  Inn  Geräte 
up  to  15*2.45.  Folder. 

S24  "Rsnging  orrcrs  which  would  hav  3  occurred  to  dato  in 
f dring  trlals  using  velocity  cut-off  wlth  and  without 
tiiae  correction.  27.12.43  by  Schwid  >tzky.  ünbound 
paper  of  47  pagac,  Archiv  Er  119/4  gk. 

^25  Loseription  of  50  eps  Frequaney  genorator  controlled 
by  pockai  «steh  ovRflpemdst  and  pEotocoll*  Doveloped 
Vf  Pro f.  Bschbold«  Folder 0  loose  pap&rs. 

ßc  Kotes  on  3?lBäjaE  switch,  Schal  tuhr  II  and  50~cyclö 
generator.  Folder ,  loose  papers. 

!I27  Schwede  tsfcy*s  file  011  BlliC.  Correspondenee  v?ith  Stotz 
etc.  Folder,  ioosc  papers. 

528  Reports  on  vsrlcm®  ränge  control  devicaai  Isar,  Inn, 
^ertrtsgr.  as*d  thrust  rogulatintf  dovloos,  detea 
15*2*45. 

^29  ?©ry  eoisplete  caleulation  and  plotting  of  velocitles 

®ce eierst lens  etc®  during  tha  Brennschluß  period.  Also 
oth  r  tra^ectory  data*  Pnpers  by,  Steu&ing  and  Strobel. 
Folder. 

JS3f  Kotebcck,  mich  of  it  In  chorthand,  possibly  belcnging 
to  Horn.  Seme  loose  papers. 

531  Kotobook,  mostly  sherthand,  referoncaa  to  Honnef  I 
shd  II. 

$52  Diary  elth  tr  cf  Schwidotzky  or  Stuhlinger,  reforing  to 
ov?ry  aspect  of  work  carriod  out  on  BiaK*  Correspond  ».nee 
wlth  irof .  agner,  Prof.  Buchhold .  Stets  .‘berbacn,  etc. 

233  B*iC.  Ad^ustaent  cf  meaauring  head  and  öcnnectlons 
to  Circuit.  Instructions  bp  Stotz  üborbaoh.  Kotes 
cn  Isar. 

#54  Details  of  tasting  and  callbratlo»  devicea  for 

B-;K. 

235  Collection  of  Reports  on  maotings  ragarding  Irrer« 

Dt .  Stuhl ingor *  a  «  Feld  « r  1 00s o  pap  ers . 

&  36  Specificatlonc  of  Stabipla  and  Inh#  Stuhilnger 
15.2.45.  Folder. 

£37  Brewings  rd  teat  3h;/fcs  for  BMK*  Folder. 

Jf  3Ö  Irajector^  c  ilculctlons  snd  plctting  of  tost  shota 
V4  tc  V40  13.9*43  (A4  rocket) 

JK39  Report  by  Stuhl ingor  on  ßuchhold  Innonschaltgorät. 

.‘icrk  dcoe  at  Barmst  odt.  Folder,  Ioosj  pupors  and  dwgs. 


518 


8fr  0  Tttciwär,?'  «peoiti'&t.ticsm  tos  eledtrical  coatponen ta* 

D&ta  5  0«>fc.  WA  ■  ' 

S4X  Lattalril  aNeieved  ccmceruixig  Isar- «nd  Inn*  Stshlinger* 
Folder® 

848  Circuit  di«graa  fe&-X-gerftt  1  and  X-gerat  2*  Folder« 

84J  ‘Latent  wir  Ing  dlagraas  for  Isar*  Inn  .and  acc  rsnoiy 
deTiCOa# 

8*4  Doeuaents  reist  Ing  bc  Frof#  Wagner*»  eellf  isaludlng 
full  dltsarlptiTe  roport  by  Prof*  Wagner*  '  Folder* 

845  JCtrohstelis.*®  foldor  on  ränge  error®  and  thruat  control* 
Felder* 

84S  ^Technical  specificjfations  for  electrica!  apparatu®* 

Date  5®10«44e  Folder* 

S47  Notebook  of  «ketehes  and  rourh  note®,  so st ly  in  short- 
hoad*  Folder* 

848  Notes  m  Imm  and  föesakopfprtlf gerät «  Folder# 

849  Nota®  ©»  Investigation®  of  Xaar  and  Messkopf  accessorlo*  • 
8^0  Beport  by  Stets  ftberbaoh  dated  27*12*44  e»  cirouite  of 

BEEL*  Unhound  report* 

851  General  notes  by  Stufclinger,  ränge  control  and  diwice®* 

File  dated  5®%45« 

83®  Note®  on  BMK«  Folder* 

8$$  General  notea  Conferences  etc,  on  laar«  and  Inn* 

Stuhl Inger,  15*2,45. 

8  54  Hange  control.  Hoports  on  various  methods  and  dwices« 
Folder  with  loose  papers.  r 

655  Specifications  and  not  es  on  Isar  Netsteil*  Folder,  loofiS6^* 
858  Calibration  of  IG2  and  lletsteil  d Stalls*  Folder,  loose 
p&oers* 

S57  Details  of  Maasteil  (for  I«g<?  at)  aade  by  LorenS.  Folder 
.1  oos  a  papers* 

858  Detail  raport  on  Innenachaltgarät ,  with  phetorraphic 

Illustration®*  Sisal  1  ?fe£g&Let* 

£$&>  sbov?  Hat  of  dvCUÄonD..  ,i~Mk  essxy  **S"  nuäben  wer« 
eitkar  in  a  broken  cardbocrd  box,  or  looso  in  the  csre) 


öouT  .mß  of  ciLioT  marx©  "a*\ 
Ftl«  1*  Sp jclfioations  (Dautsoha  Hörnen) 
2  Ditto 


3  Ditto 


4 

I 


1 

i? 


IS 

8 



Ditto 

Ditto 

DlttO 

Dltt© 

Ditto 

Ditto 

■  Radio  gpOOifletttiflnS» 

Roisgh  notobookü  almost  mtlrealar  lllaglbl« 
beXomglBg  to  MBH» 

Po«t  book  tw  BW  3113 
Blla  of  fin«M  141  p&pas®» 

Mai® iotvatiwo  papa» 

• caflko  ol^mlar  iotton  off  El  trai  1MM4  to  6**2~45 
MMaiatmtiT®  Mi  blmdla^  Xottaa?®»** 

Mm 1® '  strativa  Kotloea , 

Adsdnistratito  and  diaolpllnary  otroularo« 

IM«  t&r  Btutlm^vw 

Mot  off  asm  thelr  dXaparaaX  poiata 

*&  BDSICU&HHHS»  (inol#  rw  p  >r#oaaS  data» 

Älo  off  pspax»  ffor  «os&sr®  at  BW  Kferlahagoa» 

Cboat  V  al m  mmt&Xxm  mm&  sdadollanaona  «tationasy, 

cmT  M m  m  asssa  mark  ©  *b*. 


ft£*  1  Calibrat  io®  ©basta  off  l&boPatcanr  laatrumaata» 

2  $aotwleal  m  iaoladiag  oloOrloal  data» 

5  ®ep  oeovot  data  ®«itü  ff©§?  14  iaolHdlag  voloclty  cusvaa» 

mA  a*o  >*  aratloa  etärroTi  ffma  cbost)* 

4  Papars»  aad  ttauat  jwgoiatic»  witfc 

I ~Gorifc» 

3  Xuatxuotiena  afsop  na#  ©ff  li^artt» 

6  ©aollXogsam  reXatistg  to  ff Ising  trlala. 

7  Part  Hat  of  tfca  8-Gcsifc. 

§  Wablos:  of  fflguras» 

f  Clroolt  dia&rass  ffos  Xda^Oortt» 

1©  Dlffersatial  proiunira  gango  ffor  taXamatflrlagt 
tra»sföJB»®r  data» 

11  Administrativ»  papsr®  SW  2283« 

"12  D#®lgm  of  Mi  trsaaffosmors 

13  Dat  ila  of  ©odifficatXea«  to  Rol  %mä  200$ « 

M  Beauakm  m  tho  rang®  t&blm  for  tfca  QoTtt« 

tfffoet©  of  veriou®  altsratioaa  m  tha  sang*  of  tho  A-4. 
13  Ooecriptioa  of  the  Buehhold  tatagsatisg  aoooX^Ooaotow» 
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GOBT-dES  OP  Ci!  ;ST  WB”  CQNTIITO.SD.- 


Pils 


16  Photostat  copy  of  articl©  ln  'Physikalisch« 
Zeitschrift”  for  Feb.  15th  1943-  on  a  high  resistance 
bolometer. 

17  Papers  on  the  M Erat 1 ing~G ©rät "  _ aerial  (FuGe  25  A) • 

18  Papers  relnting  to  ,‘lactrical  ruddsr  :u>tor.  (drive). 

19  Wiring  schodul 3  and  t  ^st  data  of  I-G^räti  inventory 
of  electical  instrumenta  on  Ch  arge  to  Ing«  Horn. 

20  Description  of  cathode  ray  oscillograph. 

21  Information  on  iron  cored  filtar  coils. 

22  Drawing  offic«  mimbor  bookaf. 

25  Ditto« 

24  List  of  secret  1 etter» • 

25  Top  secret  r-aport  on  errors  in  ränge  with  the 
Buchhold  accelerometer.  2«  Jrrors  in  ränge  with 
simpl.  Integration* 

24  Circuit  diagraas  of  apparatus  carried  on  the  rocket. 

27  Rosul ts  of  14  firings  of  A-4  to  tost  acuelerometera 
under  operational  condition». 

28  File  of  dsStruction  certificate«. 

29  Odd  workshop  Sketche». 

30  List  of  nuiiibers«  possibly  drg*  noß. 

31  Test  schodule  for”  unident if ied  apparatus. 

32  Drg».  nd  Circuit  diagraas  for  various  acceleromotera. 

33  List  of  socr.t  &  top  eieret  docs.  Grp.  III  Minutes 

of  mjoting  to  discuss  specification  of  Iller-Gerät  III. 
Note  ofi  suppresslon  of  Yerdoppler  before  start  of 
rocket.  Report  of  type  ap  rovol  teats  at  Pe  ;nemuende 
of  24  production  models  of  Iller-Gerät.  Correspond ence 
bet  Wien  ?.a  inemuonde  and  Zeiss-Ikon  ab  out  Iller-ßeräte. 
Minutes  of  m eeting  «.  n  testing  of  I-Ceräte. 

Paper  on  Vibration  meaaurement  in  Gerät eraum  of  A-4* 
(Signed  by  Kirschstein  Horn  and  A I hfl  Other. 

34  File  of  firing  trial  reports  (9  &  10  1944.). 

35  Circuit  diagram»  I -Gerät#  Tost  and  o]  .-rating 
instructions  for  I -Gerät . 

36  Coli icted  drg a  for  I-Gerät. 

37  MS  draft  report  on  thrust  regulation. 

38  A->G  frejquency  meten  desdriptibn  &  instructions. 

39  öbscl  te  Circuit  die&ress». 

40  Photostat  cf  p  :  ;r  on  a  magn>tic  amplifire  by  Buchhold# 
Otter  technical  pap^rs. 

Sevent  ;en  oscillograph  records  of  Programme  timing  in  A-4# 

41  Miscellaneous  technical  papers,  induding  seme 
Circuit  diagrams  nelating  to  I-Gefcät. 

42  lest  data  for  I-Geräte. 

43  S  j erst  and  top  s .cret  circular». 

44  Top  s  cret  papers  on  1.  Pr.aont  condition  of  radio 
contr  lled  ^Brennschluss”  2.  Course  coirection  by 
time  corriction  on  the  ”Br  Anschluss”  a  paratus# 

45  Papers  on  rudder  shaft  design* 


4g  Drawings  of  wind  tunrel  laod eis 

CH38T  ma rk--;d  "Cm  CONfAlÄB  financial 

CilWST  MARK  :D  ”DM  CGHTAIHB  GESQ^RT 
ADMINISTRATIVE  FAPNRSi- 


pap  irs  only 

CIüjICAL  ID 


52? 


Jaast  üark-fd  "2"  contuins  a  llbi^ry  of  toehnical  publications 
and  books  01  lat 3  datöf  h*vin£  donaldc-rebl.;  technical  Interest* 


Pocuuents  catalog  ad  and  inve3t±gated  by  the  followlngi 


F/Lt.  Stokes 
S/L*  Sharp s 
F/Lt*  iCenney 
Br.  R.  W.  Porter 
Dr*  Golin 
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A  H'.DSF  6Ö RW  ÖF  G,2iMAN  GCmCLLED  MXSÜXIES 


Th®  mtotHäl  präsente  in  t&is  roport,  «xd®«»  ©therwi«®  inäloated,  b&»  fc®«*?.  ©biftissd 
trxm  G&£tW'*ß.  toeonvufte  aM  a®y  m  r®Uahl«»  Haweror,  £t  X®  £aa?  f^m  9v#;l»f* 

m&  »4/  ;in®lial«  may  «igss  of  «salzlos» 

Mm  t©  afc  M«U  cbovtAg*  ®£  -acuua  teb®a  (th®  r®»ult  ef  AasftsstriaS  targrt  b©Äi>i%*) 

■  »a  prod&etl®»  «?  ©oßtvollaä  KisaiX®  requiri%  »ore  ihan  two  tub#s  per  sali  wa* 

»topped»  Ka*j«mh  iMtwMaal  laberateri®«  war®  «no©urag®d  to  ©ontiisu©  devalopment 
work  so  2*>ag  ca  priwst®  ©f  t«b®e  w®r®  awailabl®* 

General  &i££i«@Xii«a  axp©:?i©a©«d  witi*  traBepertatiGB,  produotlon  and!  dr^Apssnfc 
mm.mls  l®d  ist  th«  ahaaäoalig;  of  all  Bflak  rocket  pröjjecta«,  Gf  ttw  coiitrolldbl 
sätssil«  projeote  aotlvw  is  •  r«®eareh  etatus  only  two  wer®  belang  acrlcuBly 
for  possihl  Thsc*  wer®  th«  3&»4  (8*344),  aad  the  Sohne tterliag  (8*117)* 

Bowever,  eins®  rWMnarah  work  van  oositimed  o n  ren&ialng  project»,  th«  lnTortaatioa 
ayallabl*  at  präsent  mmmmfaa®  such  proJ®cU  iß  incXaded  in  thie  report« 

St  is  t@  b.  aotaä  thftt  vith  the  aole  exoeption  ©f  FX,  all  of  the  Gernan  guided 
mlasilaß  utlliflH  roe&et  Mt®  in  cn®  form  or  another* 

Mi  report  will  be  diwided  lato  thro«  soetlone  t 

X«  Th®  ®FX*k  **  4«  Ä«  niseU®  launched  fron  th®  ground* 

H«  The  Air  t®  Ms>  stssil#* 

££Xo  HosdKg  eqnipment  &M  faß®®* 

Section 

The  ground  lausohed  oontr^U®d  sisalles  arei 

Wasserfall,  Bhelntoohter  1,  Ehsintccht«r-  Enzian.  SetaatWUis  (8-117).  FK.25 
(Fsnerlili®),  F&55« 

1«  Quotipg  Dr«  Osenberg 

2»  Information  ©btaimd  verbally  fron  Dr*  Qseniberg* 
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märnunow 


Higb  CosssMd  oi  t he  Ittftwaff«,  Chief 
fear  AA  derrelopmnt  of  &ir  anaaeent« 

ILOM^I  as.  140  üb  194/45  Seoivi 

Buafrhr  of  teste 


2m$£&a&m  J&* 

Sehes  bterUftg 

U)  Prcjecfced  fron  grotsad  $9 

(b)  Launched  firam  airoraft  21 

Kns-Uft  24 

Bheintochtar  88 

■ed.  3  7t 

Wasserfall  28 


of  tb*  Schale«!  Air  Arataant  Group 


ILtei* 

Presst 

Hish-Freo 

Control 

Control 

Control 

2(1) 

Kl) 

57(31) 

20(6) 

24(15) 

*2(16) 

21(8) 

25(5) 

1(0) 

- 

27(10) 

tobam  ia  parentheses  ladieate  teste  ai  which  stability,  drivlpg  gear,  er 
eenfc«!  fallad« 


By  erde? 


TRAH3UTI0* 


«VASS3RFaii« 

Speed  Ra%*<  Stsperscn&i 

Isrveloped  £lee|aradehaiiiaoh»  Werke 

0imtösflei30f  L&qgtfo  783  «&*  Span  251  ob«  Di&aater  88  os« 

Ifeigjfeti  ®*pty  BJfcöfcg*  Fuel  360  kg*  UquM  02  1500  lg« 

CctG[jti«M«d  «ilr  65  kg*  Ssqplosivee  305  kg*  Leunohing  3540  kg« 

kt  target  1615  kg« 

jgaaehiaf»  VwtlMl 

Total  lapulae*  360*000  kg«  »ec* 

&tartiqg  foroei  8000  kg« 

Speed  mt  t^rget t  45  eeeonde. 

I&teUegaaees  XBÜr*-r«d  hosdng« 


to*OKl!/0hlef  TIR/AA  -  «5/Ä  4».  101a  M-»  198/45  Secret 
Derelepaent  »tato»  of  Waeeerfalli 

U)  Tsst»f 

Tweaty^fiv#  tost  Models  »er»  flred  of  Aich  twenty-four  wm  with  Mete  oontrel 
inetelled«  Propuls  Ion  gaar  dlfficultiee  eiwountered  at  first  bare  new  beea 
eliMiflated* 

(b)  Osaeral  developsesnt  statu» 1 

£Qr  ^  large  lio  diffleultles  exist  aa  to  the  fusela^e*  Thars  are  two  oontrola 
(servo)*  oo»  hydraullc  a»S  tb«  ether  electrle,  in  tha  derelopaent  »tage*  Reittier 
ineeetigatioB  bs»  m  yet  bean  eoneluded«  The  problea  of  protecting  the  f  ual 
tasks  againet  eerreeioo  »an  be  regarded  a»  scSred*  Addltlond  teste  in  thls 
fleld  are  #1411  beipg  ee&dueted* 
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EHSIlfPOCIß’Sl  tu 

Qparatlqg  Spasdt  Abo*.*©  and  below  aonle* 

.  Dawlopid  fcy  9  £Jkaiaaetal«ItorAlg 
ölsaasaicuac  taogih  630  m. « 

«äpaa  275  es» 

Biaaatar  54  es* 

Walguti  faqpty  76  kg 

Sacoisd  «tag«  650  feg 
kain  rlat  220  kg*  (poade r) 
I^dLosiw  150  -  100  kg 
Lwsachlig  welgbt  1750  kg 
Baight  at  terget  750  kg 
lauaehiqg  lmpila«i  80000  kg»  sao* 
Lauachteg  attituda#  Angl© 
l&wsyahtng  thrusti  6 5000  kg 
Yalocity  at  ®nd  ©1*  bumlngt  1300  kx/h r® 
Völooltj  at  Targati  1030  km/hr* 
S@Äcnfl«»tag«  rockst#  um  d ry  powder 
Second-s  tag«  irapuleaf  40,000  kg  sao* 
3ecosd-*stage  burnicg  tlsat  0*6  eae» 
Sacond-stage  thrusti  65000  kg, 

M&in-staga  bumius  times  10  aaa, 
lutaHaganoee  Remote  radia  eontrol 

•«übaistoohtar  3“ 

Spaad  kaqgas  Abova  and  balow  sonIc* 

Developed  49t  Rheines tal-ßor alg. 
Dimension*  0  Length  500  an» 
fcpaa  313  cs, 

Daaiaata^  53*6  ca 
Eftpty  "25  kg* 

3tartlqg  »tage  440  kg 
üain  staga  fual  88  kg 
b&aln  »tage  sfiat  O9  336  kg 
B&la  staga  «Ir  18  kg 
3«ploa£ta»  160  kg 
At  l&uaohibg  1570  feg 
At  taigat  685  kg 

Launching  attltudai  angle 
Total  launehing  ifflpulaa  i  105000  kg*  sac. 
Launohing  thruatt  26700  kg 
Valocity  at  and  of  buraing«  410  M/aad* 
Velocity  at  targat«  400  t©  200  tyfrao* 
ä3s ist  rock© tat  two  day  powder  rockota. 
Aaslat  rocket  iispulsat  25000  kg«  sac® 
Asaiai  rocket  burning  tisai  om  sacond« 
Main  Jata»  Liquid  rocket«,  pressure  faed* 
Inpul^ei  80000  kg,  sac* 
üurning  limt  45  ooconde, 

TfasaAt*  1700-230 0  kg. 

In  teil  ©genes  t  Remote  raoio  eontrol* 
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laelosur©  3 

For  OSVChisf  TIX/&A  -  I5/B  As*  101a  ft.  194/45  Ssorst 

£er«l*fS»Bt  »ö&tw  «pparatui  Itelstoofetqr« 

(a)  Tests« 

Of  tfas  first  dmlopMiit  wo&l  81,  82  if*r©  fir©d  of  whiefe  22  b ad  reaotc 

ecntroX.  th©*t<  fern-  fiüsd,  Of  ths  »acoad  nodal  «3^/3«  smrol  «er«  lauztofe«! 

scsm  witb  pesösar,  i«l  «ith  liquid  m  tb©  miii  poser*  R©note  oontmL  m&ß  m%  us«&* 

(b)  Oanerai  d««alflpwngt  statns« 

Thö  eontrol  ssHSt  ln  tha  Apparats*»  Ehsintochtor  bae  proven  satiBfaetory*  Tb« 
control  Signal  tarai^fonäitioB  {r©t«lv3rg  of  ih®  ©oatrol  slgnalr  int©  eaepesaaiita 
cerraspoadiDg  to  ih©  lnstantaneous  roll  posltäon)  bas  «Iso  worked 
sstisfactcrily.  f'uxaäaiäeßial  dlfftoultlee  of  reaot©  eotrfcvol  shculd  b*  es 
leider  «nodtmtered* 

Ihe  starüng  drl*®  and  tha  aal«  drlv»  of  apparateis  ®sjs  etil  har«  to  b« 
invostigatsd  wem*  «tta©rrts*  V  a  fasalsgo  and  tb©  «ontrel  «hieb  km  bm 
testet  ln  tb«  %1®  appas=«iu»  boxm  bees  ineorparatod«  Production  echedul© 
bas  not  y® %  baon 

Speed  ra«g«3  BwLecnS« 

Deyelspod  bgni  ^sbraH&4^aä«g9  A»  0« 

DiasusisoM  3&5  ©au 

Span  40®  m 
Bieiaater  90  «a. 

3*| Igbts  Eapty  390  kg« 

Assist  tak«  «£T  320  kg. 
toln  rooket  tmL  105  ^g» 

Oxygon  455  kg« 

Air  preaswisr«  T»gto£f  35 
gxp?j©8l*BS  300  1*. 

Latmairing  «elght  1600  sg« 

Sdlght  st  terget  690  kg. 

La’uwhing  Att&twta«  angle 
Laumbls^  lapsl©««  124000  kg*  ««©• 

LasmcMpg  tkaruott  6000  kg«, 

Völocity  at  muß  cf  tmrnlagi  270  lt/s«o*» 

Teloeity  at  targsts  250  ft/  s«e 
Assist  tak©  «£ft  feor  dry  patttar  Toafcats 
Malat  tapulsat  24000  kg«  ees« 

Malst  burnlag  täasi  6  flau« 

*3 aist  tfarustf  4000  kg« 

’  'Min  powert  Liquid  roek*fe*p*«p  fead« 

Stein  pover  iapolsat  93000  kg*  eec. 

Kain  poirsr  btaming  tlaes  62  eeeonäs 
fei  in  pevar  tbsrusti  1000  to  2000  kg* 

Is^Usgtimf  »t  deeiäed« 
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Saolosurs  (4) 

Per  Oü/Chiof  TIä/aa  -  15  As.  101a  Ko  X&4Ä5  Samt. 

Daralopmcnt  Status  apparatus  gw»*»«» 

(a)  Taste* 

Twonty-tkroe  tost  «odols  wara  fired  all  tdthout  rssota  control,  and  with  aa 
ausllliaiy  drlvlng  gaar  (aasistod  take-off  unlt*}« 

(b)  Gonaral  dsmlopnant  statu*« 

For  apparatoa  "Enai^a"  tao  propulaion  unlta  ara  in  a  ataga  of  davslopraentj  o m 
prcpulsion  uoii  with  praasuro  faad  (Wt)9  onc  with  punp  feed,  (Plrsa  Halter, 
Marklissa).  Th«  WtL  propulaion  unit  (Vierjahrcaplan  Inathrut  Pur  Eraftfater»«^«) 
1s  exesptlng  Binar  ohangcs,  the  aa&o  aa  th®  ca»  vhloh  is  usad  with  tha 
Bheintcchter  3**.  Flight  taats  with  both  propulaion  unlta  still  raaaisi  to  be 
dene,  The  contrel  of  th®  apparatus  ia  still  in  a  varr  haay  rtags  of  dawelop’äsnie, 
Produktion  achadule  has  not  y®t  baaa  plane  ad« 

»scHHaTTOum*  a»ii7 


tyaratiqg  spccdt  below  »onic. 

Dovclepod  bpi  Heiakal  Plugywua  Harle« 

Mnanalowy  Lepgth  429  ca. 

Span  200  oa. 

Blsaatar  35  oa. 

«•ighti  M  A30  kg. 

Aaaiet  taka  off  ICO  kg. 

Maia  powar  »ftaal  13  kg. 

WAT'^ - 

Explosives  25  kg. 

Wolght  at  target  175  kg.  ^r/o/y  ** 

LamauMne  waight  430  kg. 
lauBobihg}  angle* 

Launchiag  iapulaet  26000  kg.  soe, 

Lauaehing  tferuati  3400  kg. 

Toloolty  at  and  of  burnli^t  240  l(/seo. 

Valeoity  at  target*  240  M/sec. 

Assist  tak«-*afft  twe  dry  ppadar  rocksts. 

Assist  iapulset  13600  kg.  sco. 

Assist  thrusti  3490  kg. 

Assist  tarning  tiras*  4  aeooads. 

Kain  powar*  liquid  rocket  with  prasstra  faad, 

Kain  istpulsa  12500  kg.  sao. 

Kain  thrust*  330  to  60  kg. 

Main  buraing  tim  57  scosad a. 

Iwtellegenoei  Radio  raset  s  control« 
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bMlMm  (1) 

Por  OKVÄhlef  51«/AA  •  I5/B  kn  10A  Ro.  194/45  Beeret* 

Demiop*ent  etatu»  AvtMumtoc  8*117 
Ca)  Teeta« 

ütaBy  tvest  Kodex»  wer«  firsd,  of  whleh  20  wer«  leunohed  fron  elrareft«  Cf  47  stodeln 
fired  ftf*  the  ground  slth  renote  aoixtral,  20  wem  Batisfaotory.  whlle  «we 
part  cf  enoihar  failed  la  7T  *nd«in, 

(b)  Production  £chedulet 

Start  cf  productlon  la  plarmed  fgr  Barch  1945.  »1  anä  large,  produc tloa  of  the 
fuaelage  «an  go  ahead,  althougb  there  am  »tili  wini-tunnel  &nö  develepneot 
teet  la  pi  ogresa«  ab  to  the  propuls ion  goar,  there  «re  still  cons idorable 
dtfficultie»  aeceseitating  further  t«eta*  Du«  to  Inauffiolfat  tm 

th»  part  of  the  flm  BUY  a  delay  of  three  nonthe  ln  the  pmduetlon  «ohedule 
i»  uMrroldnble*  Control  no  loi^er  presente  bealo  diffieultiee*  Certela 
queetioae  rsgaräing  the  genfcrator  «re  bell«  eolmd.  Teste  wlth  Wiens  intern» 
neter«  bare  started.  Reeulte  een  not  jret  be  Judged* 
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SECTIOIf  n 


Tha  aii**to-&ir  oontrollod  nlssilaa  ar*s 
Ha  238 
*-4  (3-344) 

Ha  117-1! 

Fx 

Ba  117-H  is  soith»  es  Hs  117  exeept  «qulppsd  for  aircraft  launcbing.  (fhis 
laforaatlon  iß  not  re lieble)* 

Hs  298  (8-298) 

Opera tipg  speed t  Sub-sonic, 

Develcped  byi  Her  schal  Flugaeug  tierke  A.  G. 

Dinensicnst  Laij&th  254*5  ca* 

Span  124.7  oiu 
Disoieter  25  cm* 
halgbti  Imemhing  120  kg« 

Explosiva  46  kg0 
Assist  unit  33  Kg, 

Speal  (horizontal)  t  240  lysee* 

Maxim»  rantgei  3*5  km* 
lüaiittai  ränge  0*6  km, 
äeiling  (abeve  launch)«  1*3  km* 

Main  rockst«  dry  powder, 

Thrust  (launch)«  350  kg* 

Tbrast  (afger  0*6  secoads)«  175  kg* 

Xhruat  (aftar  0*6  swnmtg  seconhs)«  90  kg* 

Thruat  duration  31  secccde* 
fuae  proxlmlty 

Xntellegenpe«  Remote  radle  control* 

Bes  two  charmels,  single  jat  «pglna* 

COaraaSGK  RRFCRT  HO.  6  Berlin  19*  1«  45  Saorat 

Apparates  8-298  -  Svwxtry 

Sha  firn1!  Investigation  of  tha  lest  fuaelagee  298  Mark  Z  «as  lnterrapted  bacausa 
aumeroua  ohangtr*;  die  turb&ncea  ln  tha  funotion  of  tha  eoqpomnt  parta  lead  to 
vary  niwatiafactory  rerolta,  and  boaansa  hl  aas  Information  eonlA  ba  expected 
ragardlpg  furtner  and  development  and  inveatigatlon  of  Mark  HZ 

Zn  order  to  lay  tha  Foundation  for  tha  Investigation  and  to  gather  gsnsral 
sxperienoe  Sn  laundilng  teetr  of  tha  Mark  II  sariee,  tha  ED  1  larlskagen  ha* 
lndepandently  begun  f light  and  launching  taste* 

The  lrreattgatlon  of  tha  K  II  fusalagas  hava  not  yat  baan  etarted  baeance 
delivary  dlfficultles  (of  fuaelagees)  neceaaitatad  a  dalay  of  apperoxigately  als 
«aaks*  As  a  oonsequsnee,  tha  total  Investigation  1s  subjeot  to  an  oqmally 
langthy  delay* 

Zn  mnuarlsing  tha  Situation  it  oan  ba  aald  that  aa  to  development  and  test  m 
mav  points  of  rlaw  and  no  prpgreaa  hava  roaultod  alnea  tha  fltth  oenfaranos* 
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X-4  0-344 


Developod  byi  Kührstahl  A.  0«  * 

Lepgth:  190  «n* 

Span«  #S  ca* 

dög  welghtt  70  kg« 

Wsight  at  9rv\  of  burningi  60  kg« 

Xp«©ci  at  6500  me  tarn  250  W/ aac. 

Barniag  ti»#r  30  saeonda. 

Gruclfom  la^digitatad  dd-wlag  ay«a*trioal  rocket  witfc  a  «poilar  oontral 

OB  ths  teil« 

Intell  igenc«.  ?  ?£ira  control  or  accus  tlo  honing« 

Fuse*  acouotic  f ise. 


CUNP-fihtfO  ?  W  «u«  6  Berlin  19.1*45  Saerat. 

Apparatua  8-344  Sainmary  (X  •  4) 

Durißg  t,bo  time  sine«  ths  last  oonfsrano«  tha  apparatua  8-344  stood  oa  tha 
threahhold  of  a  cherv^e-owi'  freu  axperlaantal  produotlen  tt  produotion« 
Difficuitias,  to  ba  axpoctad  ln  thia  aattar,  aapaoially  a»  to  tha  pcropulsioa  unlt 
and  tha  contra!  wirte  cuilt  wera  onsiderahla  and  in  oonjunotion  with  uafn»orahl * 
waathar  oonditions  dolayad  tha  isvoatlgatlan» 

The  first  projsotila*  «Ith  at&biliaad  (lagaatabiliaiart)  aqulpaant  iaowdl 
pronäsiag  resulte;  hcwwr,  *&  regards  control  tfeara  ara  still  difflanltlaa  ta  ba 
solrsd«  F or  tha  purposa  of  iwaatigation  of  acrodaaanloa  af  oontrol  and 
prepalsico  «nit  böhSior  and  far  tha  porpoaa  of  oonsldaring  it  as  an  apparatns 
pottailily  uo  be  nsad,  tha  oontrol  mthod  «111  (dasplta  an  unfaaarabls  stazaft 
tato»  bo-  tha  G.  d«  J9)  am  farthar  nnmaldM«, 

Tha  «aapara&on  botwaaa  tha  davalopeant  tlrm,  tha  XdL  Karlahagan  tha  aoiaatifla 
inatitutas  ani  allied  /Inas  ««0  nada  diffiault  axpacinUy  baoaosa  of  tha  lopation 
of  tha  firn  Ftuhrstahl  in  tha  «sst  anä  baoansa,  aa  a  oensaquansa»  soamalaatlan 
Md  transpart  faoüiiioa  «ara  bad«  Thasa  diffioultiaa  «otüd  hat«  baan  ooaald«ratia 
lassanad  a od  dsvalopraent  worlc  would  hava  baan  aspadltad  had  tha  diraatorata 
of  ituhratahl  A«  S.  ebayad  tha  orlar  laaaad  U»UhU  fcj  tha  Araaaaat  Staff  ta 
shlft  tha  loaatloa  of  tha  Works  V  and  of  tha  flra  Xrlskaana« 
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rn^ic m  in 


HCtoim  Ü^VXCx !&,  mx  CGM2RQL,  AJlfD  JRaUHTX  FD8JS3 

äuöfe  d&rtd&pmxxt  «Ork  m  iu  pt£t&r&&s  ia  Ganaway  ooxmralEg  »SifOsuoh  Garttt#* 
•*  Urgat  wkl25g  «quipmnU  Tharo  i»  «g»  «v*d»ju»  «t  pz-saant  that  «nr  ooaolat® 
htmslsus  *sy »taafe  w«r*  «v*r  t«ft«d  is  flieht« 


Osgtagyjt  Tsn^s 

ft. 

£sc 

©ptlsml  teösd% 

3Sa*  rwng'S 

SiAC  (  ülmc  ire»dUcuB  tik 

Br«  Hecht  (nt  EU1) 

#»117 

laf re^rod  fcoaiag 
(G«r*is  Kaüuburg) 

rnc 

Dr*  Kuteehar 

Waasarfoll 

C^tieal  tsosizag 

MG  (AlXgeaaiii  ElaotrAaoha 
Ctesallsch&ft)  Sr»  ülgars 

rx  1400 

lütfrcL  Rad  Hü«dU^ 
•mt«  «Araia» 

KlAC 

Dr.  Ifeitaohur 

Ä-29Ö 

lafrw&od  Bosd^g 

RtoifaatalaBarslg 

Ob»  Wo  TMkcO^ort 

Rhaint^ohto 

Inf&m  Rad  Hoal^g 

ju» 

Dr»  Qrthubar 

ffmarfall 

Infra-Rod  Hoalug 

Dr.  Alfrud  Xtpk* 

bda 

Radio  Am» 

Ralohspoat 

hmuoo 

Infr«"»Rad  Optica 

lolta 

WcafiarGcOl 

ämmtU  Boffitag  MSI 

tue 

Ar.  Mt' 

Hb-117 

Aoouatle  Roais^ 

Gonoandag  tt»aa  ®quip*»nts  tfes  Nlw&«  lafaurtiota 

ii  «MtllröX*« 

ARMIM 

EoUtlug  nlmsr  lxf»**r«d  Byutmu 
Uiri-cr  epaed  16  qyolos« 
toight«  10-^5  k$» 

U  Mite  25  ca. 

Susa«»  6 

¥i«v  «qgUs  45  dagroa«» 

Raagft«  1200  to  1500  mtm* 

X&ß  la£ra»3P«d  phete  ««11  ß«®&  to  5ku 


rtbainsMitalHBC'rslg  Psejaet  (X.R,  )  t 
lang«  i  3000  mel-sra 
Aocuriosi.  #  or  -  0,5% 
lovar  «R s*t  QI uhw®r«eb»nH 
ersonnoXi  I<r,  *lteü**l,  Mr,  Kuskanberg, 

JLoa&tium  3r«&lau^‘andsfeld» 

ätany  radar  «cnitorad,  rsdic  controllad  n^ojacta  war®  under  oonslderation  as  «all 
a»  optically  R*raitor«d  ßcheaas,  So  far  «e  can  be  d«tonr,ined  at  present  bona  of 
acltanaa  had  rauche!  th»  flight  ta*t  ataga,  a  xolafunkaa  laboratory 
(klatlaiiburg*<lJ^b«arod#,  Dr,  £nn©  Bus  nenn)  was  äoixsg  recearch  on  baaoon  tranBsd.t%ars 
aicr*-wav»  ©oeirel  link«  and  diractional  beaoon  raoeivera,  tfork  was  in  a  oriadtlVi 
»tag®  and  tha  wava-lar^gth«  undar  oonaidaration  at  thia  labert tory  w«r«  graatar 
th*n  20  ffl»t 

öueh  effbrt  bas  baan  »xpaisdad  in  Geraany  an  tha  davalopnent  of  acoustio  proxialty 
ütoa*»  Qm  such  fua*  has  bean  vorfcad  out  by  th«  Roeentbal-Isolatorin  G,*b^U 
locatod  at  Salb,  B®u«  Baserauth,  Yhie  partlcular  fuse  oparat-ad  on  an  echo- 
aoundlng  prineiele,  and  oon  ainad  aeoustia  and  electronic  filters  for  tha  purpaaa 
of  raBtrriag  undoairod  aoxdo  diaturbaneaa.  Tha  rang«  ia  between  20  and  100  oetara 
and  has  b@en  vnrifiad  £y  droppii\>  boabe  «quipped  «itfc  euch  fuses,  fhia  taating 
was  parforaad  at  itaehlim  Hb  rrldenee  of  any  largo  production  of  thaea  fuses 
has  beon  diaooyarad, 

Proadnity  fusu. 

Fix»:  EeasnthfcJ^lsolataran  Q«  ■  b,  H,  Selb,  (Gau  Oayrouth},  Poe  toi  nxzabtcr  13a, 
saction  damloreant  and  Raöc «reit,  ©onpetant  authority,  ür.  Zeidler,  toi.  Salb 
6&4,  FS  A-06  2il»  talegr^ph  address,  Rosenthaliaola  Selb, 

Ged«  Raass  not  gtoas 
Procedura* 

(a)  Working  priaoiple,  Th«  dovalopaont  esonoerno  Itaalf  with  the  oraatiom  of  u 
gromA  prox±*dly  fua«  for  leunchad  missilee  flying  boabe  cror  250  kg,  by 
aaane  of  an  accazstic  «eho  sound Ing  procedure, 

Thu  bonfc  has  a  streng  sound  generator  which  ia  irapelüod  during  tha  fall  by  tha 
air  current,  The  sound  (iroa  th«  generaler  ie  r  flected  fron»  Hie  grcunö.with  a 
froquency  incracse  corresponding  to  the  Toppler  effect,  ia  teken  up  by  a  nlcrophaas 
ittaobed  to  the.  beeb  cj»d  ia  uijee  by  lnc  er»  of  an  anplifier^or  +lio  roalease  of 
in  electric  xvaau  peilet,  For  dctails  regarding  the  werking  principle  and  tha 
3regrft3s  of  the  covolc-pu.ent  werk  b©  f^r,  v*  ahk  you  1c  rafer  to  the  ait^ched 
r«por  i  ao,  5Ö3/43g  dutad  17-8-43  cf  tha  Ittniticns  Ccnrission  of  the  Reiehaminista» 

Tor  .aisanen.:  arC.  ^&r  Prod  vxction* 

04  LefirJU-eljr  ostablishad  rang®, 

Acoording  ta  seaaurasanta  nada  ao  far  as  to  tha  sound  intenoity  of  the  source  of 
sound  and  aa  tc  th«  roflaoticn  of  sound  naves  cf  lower  froquency  against  gromrf 
surfacos,  a  fucs  proxini  ty  of  about  20  to  ICO  netars  haß  been  es  '.ablisnad. 
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saoaitive  parte  of  th*  Body  and  hdw  tn«y  ar«  attachod« 

xs  sensitive  nicrophone«  are.  u»ed  whioh  ar#  in« lall ed  In  ep  ‘dal  sonden  place«  at 
the  tlp  of  the  bccife,  Karo  x>fora  olectrc'*%natIc  tiarphoueo  of  tao  type  HC3  'iE^loyü 
by  the  Luftwafffi  wäre  ?«od,  and  the  doBirert  frecuency  ptt-euge  (fll  ,er)  in  ttoa  re.Bg« 
of  630  fco  750  ico  wac  ©bfcaimd  by  neans  of  acouetic  am  ouppi^caaay  ©loctric  filtere« 

Disfcurbaooo  pcsßibllities« 

(a)  Natural  disturbance  inf luances .  *s  natural  -U&  toi-.^.ncy  influenceü  «an  fe» 

considered  Bolaaa9  ©*  f  >  drtona  tlon  of  iJk  grenagoe,  eher©  «vdüte,  hoaerar*  lia 
pftaibilit^e  to  aake  the  releaa«  of  tha  fass  depenJant  on  the  nlnluiun  «l^u-lon 
of  tii©  effoct-ivoao®«  of  th«  noise  in  ehe  pasaags  regle®  of  the  iui<:ro4}*..k-tf-,  f>o 
that  fallurea  of  l’uee  rdoaaa  caused  by  detoratioa  noiae©  of  stott  lei*  can 
bc  avolded« 

(b)  Diaturbaaoer  caused  by  the  body  Itself«  Such  Hls  turb^ncee  ar*  n<  I^,& 

Inhere.it  in  the  body,  body  eound,  and  conducsioos.  The.tr  oiTect  a  n, 

be  «kUMaatod  to  a  very  g reat  extent  if  use  is  mace  cf  5*0^*13711  df*te  Ined 
in  tho  field  of  inherent  sound  croatlon  of  fallirg  htib  in  c.oj  hjrxjtlon  with  a 

correspoiriing  tuning  of  tha  aensitivity  of  the  fuso« 

(c)  Disturbtnaeae  e&usad  by  th«  enes^y»  Knetg;,  ,my  cause  C  La  er- «nee  by  the  use 

of  nolee  geonraters«  Nolee  genarators  which  are  insi*ell«d  -on  the  groirnd  and  «hieb 
cauva  aound  of  an  intenaity  of  about  100  »*#  raquire  an  exveasly  high  -»n^rgy  nt  ft 
äkaxKaaap  eo  that  their  Installation  on  a  large  scale  on  Me  part  of  the  eueoy 
would  hardly  emsn  possibla.  Ifiore  dargeroua  are  HealgranatWi  Lud  simllar  nois« 
producing  appai-atus  /rhich  are  projeoted  ags-Ins  bcfc.be  fisrba$  rith  proxlmity 
fu»ee«  Kliwimtion  of  the««  dirturbsnees  rould  ha  ;o.*eib3e  to  &  oertrin  j^re» 
if#  inetead  of  the  eontimeras  ooum  «eure«  of  the  bLrht  Vretofore  previded  ly 
dev«l«p»ent  werk*  and  ispulse  »ound  aource  «orc  fcc  Im  im;  lryed#  lief,  above 
mtintioned  ropeart  of  th«  Munition«  Oonlasloxu 

(6)  S  oatufl  of  DsrvolopMttt 

(a)  Eeeult  of  «rperlsexrtfl,  Suitable  fueee  ln  rary  variu-  itns  Iiave  be«n 
devslopod  and  are  bolng  invastlgatad.  1ha  linst  projections  viüch  took  pl-.o« 
at  «he  «ad  of  last  year  at  th«  Investigation  place  lechlin,  jii-oduced  lgidt.i:-na 
whioh  bad  to  fee  evaluatad  a»  Lüfter« ngpi^nk  te  and  net  as  relsase  by  moar«  of 
the  aeouatio  »cho.  Irrrearifations  ol*  the  cauee  of  tht«  preir^.ture  i^nlMon  .lead 
to  the  decuction  that  bebaue«  unauitabl«  (not  sufficlantly  probeefc  ed)  ^ir« 
arrangiment  betwwen  tiie  apparatus  installed  or.  fche  Ijomb  oause«’  ?elf 
ex« i bewert  of  the  a»]  lii'ier  and  therefore  release  01  t.!^e  fuse  pellet« 

New  funetionel  oeatc  cculd  not  yet  »a»  aae’e  feac'v.tse  oC  bad  f^sthar  jcnii  ■  b;rj 
durlng  the  nest  weekr  and  moetha.  They  are  planrw-l  to  4  uke  plac:  ?Cvn  it 
Investigation  plsce  (f light  «taff  englsieer  Dr.  Müller)«  Suitablo  fu»»s  and 
micrephonea  »ond«n  fcsoiudiag  filtars  a>e  ra.ady« 

RWP 
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!t.  Sol.  QM  Äollia  h  R.  A.  XAobhafoky 
©b^oet  ©f  «hi«  roport  ic  t©  ouaaarls«  briofly  and  (  moossarily)  fron  1 
**»  goaoral  aituatioa  ragarding  (toma  liqsM  roc««t*.jruole  aa  wo  know  it  today. 
tailioritar  with  Ai  %  Siopot  *».  1768  by  8/1  leath,  18  April  1945,  will  bo  aasimed« 
Si»o  thot  roport  was  writtoa,  wo  howo  iatorvlowod  tho  fuol  oocports  ■dniUMaliilMU 
( tarn n  Sfspil,  «ad  Tisiiod  tCt  mar  lfemiahf  and  eno  of  wo  (RjL.l.  )  hm 
i  4  «hart  mm  roport»  fr©»  Rtmioh  es  tergoto  iarootlgotod  thor». 

JKBSBI  8B&  UsUll  Bwes  though  it  givoo  the  highost  op«otfio  iapwloo,  liquid  eoqrgea 
«ad  aloehol  oppoor  t©  br  Jmir&  grtmnd  es  agairot  tho  mwor  faol  ooabinatioao  dis- 
oowarod  hi tea.  Althwagb  liquid  oa?f«a  and  aloohol  woro  still  te  bo  oaployod  is  A-9 
(tho  a%>&  &*4)#  tho  foali^g  was  grewisg  that  tho  pfeysioel  diffleoltleo  (oraperation, 
trnmlsg  of  ao&fcftag  |»ti,  owpplfj  iaability  to  otoro  tho  leadod  aiseile)  aooooiatod 
w&th  lifBÜ  «#&?*»  ®ro  oaws  *«ri«as  thaa  tho  ehosioal  difflaultlee  asoooi^od  with 
@fhoer  fad  ec^&aatiose.  It  still  appear«  te  bo  tsue»  howovor,  that  fual  ooohisatioao 
aoladlsg  Xi*pM  m-mm  «ro  tho  .boot  euited  fer  initial  etudy  ly  ixrreetigatere  with 
f»  provfcm*  axporle&os  li  tho  fleldj  Rap  dlooardod  liquid  oxygen  for  "Q^rat  VasoarfaX." 
boome©  this  aiaröSo  00«  t©  bo  oapatuLo  ©f  bsisg  otorod  fully  loodod. 

tolf-lgaitii«  fad  oodftiastieao  is  whioh  aitrio  aoid  is  tho  ooddsst 
l  gaiaiag  ia  fW*arg  It  is  oftoa  ermlrimed  dssirahls  to  add  a  ©elalyot  fluah 
os  VaSXg  te  tho  add»  asd  %m  oalförio  a«U  is  also  eoaattsee  sddad  (at  sllght 
rodoot&oa  ia  spsoifio  iapalso)  for  roasoao  of  oooaes^  awd  to  rodwoo  eorroeioa. 

X.  iSMfiatb  of  Wf  rill*  t©  Law  «Jjsroiited«  thsso  fuol  oaabiaatio«s|  so  4o 
fialm  othor  peeeAo.  Ha.  Heso*oth  is  exooedliqgly  oathnslastia  aboat  tlsa.  Mo  adaits 
that  mm  has  etwa  tooa  asod  hporatieaally  but  aaiataias  that  »u^aossfwl  opermtiowal 
aso  was  a  fe rogsas  «aaolasloa.  &ipl,aheai  Hollar  of  Poomsmado  also  boliowod 
Sa 


534 


I 

! 

Igßitiea  del^ya  with  nitä>ie  seid  fuel  eoabSmtioi»  are  likely  to  be  dangsrous 
owing  to  the  poeslbility  ©f  femlqg  explosiv  nitratlon  producta.  Saplosiein»  fron  thJb 
cause  seaeed  t®  be  fal rly  fraqatai  at  Bttl  and  alten  wrecked  coabination  chambers«  Of 
coura©  a  great  najiy  exper  Iserts  war«  no  doubt  run  thare;  Dr*  Hemeaath  Claims  6000  fu&b 
•ombimtioaft  wer«  test»d?  bat  this  figurs  wuuld  eeem  to  be  high.  Dipl. che»  Heller 
nantiona  ttet  neraral  huadred  war«  inveatigated  at  KAPlLj  there  seeaa  to  have  been 
ao  great  asount  of  tgnitio»  fcroubl©  at  the  latter  staticr  wher©  a  nitric  aoid  fuel  m 
©onbiaatloa  was  soloöted  for  “Gerat  Wasserfall”  and  for  “Taifun** 

Anilin©  er  a  ßlasilar  eoj^xmnß  1s  usually  added  to  the  fuel  in  order  to  mak© 
nitrie  aaid  fual  conbinaÜera»  aelf*igaiting.  Certain  sabstancos  added  to  aniline 
giv©  eo&&inatlons  that  ignite  aore  readlly  with  the  aoid  m&&  (usually  lfie oh  saure, 

10$  H2SQ4)  thra  dces  «ailine  alone«  Yisol,  ethyl  vinyl  ether  ia  auoh  a  aube  tance« 
Xffeotiv»  fasle  are  fcherefor«  ©onpourriad  froa  anillge  and  visol;  10  to  20$  of  the 
fermer,  and  aboufc  30$  of  tha  later  b©i®g  a  good  ecnbination.  «hat  eise  ia  added 
ia  not  ao  «ritical,  benaol,  xylol  and"optol»  are  the  additiv©©  that  »optolia«, 
whioh  aeeaa  to  b©  a  farored  fuel  with  Peeneamnde«  Optolin  was  orginally  compounidd 
■ainly  with  availability  in  nind,  for  the  Ganaa  fuel  Situation  was  beooaiz^  critioal. 

Ita  apecifio  iapulea  differa  littlf,  if  any,  fron  that  of  aiallar  ccakinatione,  in 
faot,  arqr  naterÄ&l  that  re&ots  will  with  nitrie  aoid  «©ns  to  giv©  about  the  sam© 
speeifio  inpulae.  Tl^e  denaity  of  optolin  ia  rather  high,  whioh  io  an  a  ivantag«* 

The  eptol  ia  a  wal  tar  produet  that  contalns  the  pheabio  bodies  considored 
objectlonabla  ln  many  oilaj  ln  optolin,  tts  ae  pihembs  prevent  the  cryatallization  of 
bensene,  whiuh  neana  that  optolin  nay  be  uaed  at  low  teaperaturs)  tha  xylol  de  the 
aase  thing. 

Hydrogen, faaro^lde  aad  fadraaln»  Hydrate  The  nanufsoture  of  ooneentrated  (ovar  8Q$), 
stable  Hydrogen  peroxide  and  of  nearly  aone  (93$)  SqpBinacbaE  hydrasin©  Hydrate  ia  an 
entstand  Ing  wartioa  eehiwvsnent  of  ehsaleal  Indus  try. 

When  fcydreg©a  p-srsnaide  ia  deoospoaed  oatalytrially  and  the  resulting  ©aygaa  i» 
dlsearded  (aa  in  the  JHi  turbine),  then  the  gratest  advantage  ia  not  being  obtained 
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i!ro*  te®  bydrogoa  peroxida«  21»  way  to  ue©  hyurogen  paroxide  to  b©st  advantag©  i»  toll 
haT9  U  oaddiaa  t»fe  aübatam  directly.  Uufortunately,  it  does  not  säest  to  ignita 
eatx  fastorily  witn  such  eoiaaoa  f^als  as  olcohol  or  decalin.  Th©  great  impertanea  of 
hydraaiae  brärate  in  that  ita  usa  nakas  it  poseible  to  nak©  tha  baat  usa  of  hydraain 
Peroxide  as  an  oxldaot« 

Mydraaiua  heirate  Im  not  uaed  without  a  cat^lyatj  in  tha  abaanaa  of  a  oatalyat, 
Iguitioa  delays  mmx r*  and  thean  aonetlnaa  raault  in  exploaioi».  Tha  noat  aoonaz. 
«atalyst  is  poteasiias  «upr©  oyanide  dissoiveä  in  hydraslna  hydrata  or  a  aolutioa  of 
bydraain»  hpdrata»  tha  raaeon  for  fchoosipg  a  eoaploa  aalt  Ufr®  g<  *u  (OH)^  ia  that 
ti»  «oneantranlon  of  free  «oppar  ion  mißt  be  maintalned  or  tha 

fcydraai^  Hydrat«  would  raduce  it  to  »atallic  oopper*  which'  would  pracipitata  out, 

Sodiia  s&'öf©  prexsid«j  Jfet2  Fa  (®0)  (Ci£)^  ia  a  laaa  auooasaful  oatalyst» 

%dr®aia*  hydrata  ia  naad  in  tha  QXF,  aa  axplalnad  in  8;I.  heath'a  reportj  ita 
vesa  in  tospedoee  (along  with  decalin)  ia  given  in  a  Genau*  docuuant  "Fatuff  Tagm^" 
that  will  ba  tranalated» 

Sydrasine  hydrate  was  balug  nads  f or  4  to  $  R*/kgj  ooneantratad  hydrasin 

pentlde 

for  laaa» 

fha  othar  rasa*  of  hydrasin  pantida  will  not  ba  nantionad  hart  alnoa  notbiqg 
naw  ragardlng  than  bas  ecna  to  light  on  thia  trip« 

Fa«r  Va  bare  not  heard  of  aqjr  radically  naw  fuala«  The  naa  of  aatal  alkyla 

(sine  and  alwduun  coapounde)  to  lgnita  rocket*  ia  nantionad  in  anaqr  litaratura 
av&ilabla  in  London»  Th«r©  ba*  been  nerction  of  aa  intaraating  fttal  oontaiming 
auapanded  >l«rt«a  nitL  «hieb  Saapger  ia  ?aid  to  harre  baan  working  at  Trauan  ia  tha 
Craabupger  Haida«  {Thia  faet  was  raportad  by  Pr«  2wlsky  in  a  prarioua  raport  and 
wnfiraed  by  hin  hara  sn  in  an  interview  with  dipl.Cheai  Keller,  femerly  of  Pbanaannda«) 
in  fttrtTMf  At  BolUagala  krwuth,  thara  ia  atorad  400  tom  af  3ül  hydrogaa 
paroxida«  Sinoa  tha  aoneantrating  plaSt  ia  ready  to  eperate,  tbia  natarial  aould  ba 
^naentratad^in  about  a  waak«  Tank  cana  for  ahipewnt  are  available  and  tha  rail 
oroblas  «aa  baing  Miveft» 
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At  Oerethofon,  there  la  Bald  to  be  50  ton«  © f  hydrazine  hydratej  iom  20  tone 
>Tg  of  the  92Jf  grade,  the  rest  SOjt. 

Step«  «hould  obvtouely  be  takcn  to  get  both  theac  stör ob  of  Material*  out  cf 
Qernapy* 

8p««ifto  Thrurt» 

inpulees 

Apparently  the  operational  weapon*  workod  at  apeoifle  frirkn—t  considerably 
belew  the  theeretioal  and  also  belehr  the  best  results  obtained  in  st&tie  thrusx 
ehanber».  In  the  cace  of  the  A«4>  although  they  had  obtained  S.l.a  of  the  order 
of  217  ü/eo/eee,  the  weapon  openated  in  an  average  of  207  U/Co/aee» 

for  the  Kitrie  •  Yixol,  Idtrie  -*  Optolene  and  aold  Systems,  Impulses  10  to 

15%  below  the  theoretioal  wer©  aocepted«  This  produoed  impulaee  of  134  ü/Oo/sea. 

Mixed  aeide  gave  slightly  lower  Impulses*  Testa  using  varioua  fuels  with  aeid 
were  reported  sua  only  naklqg  a  differenee  of  1  to  2%  in  the  epeelfic  inpulse. 

The  disparity  betwean  the  theoretioal  and  aetu^l  Impulses  night  Anttxncbc 
indieete  that  they  tolerate  inconplete  reaetion  for  the  sake  of  the  additional 
eooliqg  effeot  the  partially  reaeted  fluida  give  to  the  aurfaees  of  the  oonbusted 
ohahber  and  venturi* 
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-JäÄÄk:iDü5ii  Interrogation  of  Prof.  Dr.  HAIS  BUSCH,  Kitzingen,  21  April,  1945, 


■  rs  Busch  was  i;i:-errogated  by  F/Lt  Etokas  and  Dr,  E.  W.  Porter. 

Dr.  Busch  explained  that  he  was  in  Charge  of  all  negotiations  with  the  Rustungsamt 
concerning  transfer  of  per  sonne  1  from  Dannstadt  to  the  Services,  etc.  Howaver  he 
Claims  to  have  had  nothing  to  do  with  the  assignment  of  technical  work  or  Problems, 

Kis  own  work  inqluded  development  of  a  low-frequency  oscillator  (1  to  50  Ha)  and  a 
Fraha-type  frequeney  meter  with  a  special  photographic  arrangement  to  enlarge  the 
picture  in  the  direction  of  Vibration,  but  not  in  the  other  direction.  Both  of 
these  wäre  done  for  the  A.E.G.  Pr,  Busch  thihks  the  two  Problems  were  related  and 
that  they  had  sov.ething  to  do  with  the  Navy.  They  were  finlshed  aboüt  two  years 
ago, 

The  Peenemünde,  Dr,  Busch  has  developed  the  reseiring  and  indicating  «nd  of  the 
tele}3steri.n0  System,  The  tr&nsaitter  was  developed  at  Peenemünde  and  probably 
bullt  by  Firma  Dr«  Hell  in  Barlin.  Twelve  bi  ts  of  Information  are  transmitted 
five  kundred  tisaes  eoch  second,  In  ad  Iticn  there  is  a  thirteenth  Signal  whioh  is 
used  as  &  j  Uindard  fei  the  gain  control  for  the  System  and  for  Synchronisation« 

These  Signals  are  all  as  pulses  or  stepe  in  the  carrier  and  appear  on  the 

GRO  as  siiBultaneously  draffn  curves.  At  first  he  used  only  one  C.R.O.  tube,  but  later 
dervmlcp^L arrangemenrs  using  two  pr  four  separate  GRO  tubes,  with  a  oorreepondingly 
fewer  number  of  eurvss  on  e&ch  tube, 

de  also  die  aoae  work  on  e  p’oblem  given  hia  by  Dr.  Stegmaier  of  Peenemünde,  whioh 
involved  rseasurjiaent  of  the  effect  of  aeceleration  on  quarts-crystal  osoillators« 

Two  crystals  used  in  order  to  ellminate  the  effect  of  tempere  ture,*  Reeul  ts 

»ü<aed  5  x  10  frequeney  aeeuracy  wheras  1t  was  requlred  to  be  only  1  x  10“®» 

Results  were  pursly  negative,  Dr,  Busch  does  not  regard  this  as  r?ry  important« 

His  Bost  recent  Job  was  a  transmitter  for  twelve  frequenciee  using  twelve 
orystals  and  a  switching  arrangmment.  He  did  not  know  the  applieation,  but  did  not 
filnk  1t  was  for  the  Hs 293.  The  problem  came  to  hin  from  Peenemünde  this  year  and 
was  reqi  Ired  to  be  done  in  six  to  elght  weeks. 

The  talemetering  werk  was  controlled  at  Peenemünde  first  by  Dr.  Hüller  Ho,  2,  a 
fermer  pu^il  of  Dr«  Busch  and  later  by  Dipl,  Ing,  Kraemer,  Its  code  name  was 
üessina, 

The  fact  that  this  code  name  was  the  seine  ae  that  used  for  the  W/T  type  of 
Brennschluss  control  did  not  ccue  to  mind  until  afier  the  interview;  Dr,  Busoh 
-ras  not  asked  about  it.  It  does  not  seem,  however,  that  there  could  be  any 
ccmection.  The  taieraetering  equipment  ia  to  be  bullt  by  Fernmelde  u  Apperatefabrik 
Oberspree,  S.K.Öarlin,  in  Charge  of  Dr,  Wuchel, 

Incidentally  Dr,  Busch  was  Vorstand  of  the  Arbeitsgeheimschaft  Pcöub  munde  Vorhaben, 
D.2,-12, 


B.  W.  PCR  TER, 


ftoBMS!  flyrosorks  at  Bsaaheifc»  Qemzz* 


9 Tm  B eyasön  na*  not  int«yr*>gat©d  in  any  form  of  progressiv©  intsrrogatlen»  du«  to  ths 
faet  that  thsre  was  Qultr  m  blt  of  activity  prsssnt  in  installing  llghts  am  in 
invastigatisg  ms?  sesrching  of  ths  variou*  levals  ef  Ms  factory» 

Dr»  Heyaans  1»  ths  «öl©  osner  of  this  plant»  Hs  ussd  fco  bars  a  slmllar»  above  ground 
plant  in  Darsstadt,  and  in  addition  ussd  to  do  »out  of  bis  own  work  in  a  laboratory 
of  bis  ovn  mx?  ths  dain  Station  in  tbs  samt  tosn»  Hs  wß  producing  thrse  typst 
©f  gyroseepus»  &  cmall  ©ns  of  whioh  ts©  sample*  vna  soonred»  anothsr  ons  small  anfi 
for  vertidil  Installation  of  thich  a  sssondhand  modal  was  secured  and  a  third  ons 
whieh  aeobrdlng  to  hlm  was  an  old  modal  whieh  was  dsolarod  obsolet©  whon  ths  Gsrman 
amüMzxt  Indus try  tried  to  aormlise  tbslr  gyrosoopst* 

SoBstias  in  September  bis  aber©  ground  plant  was  uttorly  deatroyed  an  all  produetlen 
sassd»  Eswevor,,  tM  Dr.  recelvwd  Orders  fr  ca  ths  Rusf.ungskoan»ndo  to  tranafsr  his 
aetivity  ts  ths  narbl©  mins  of  Dy.  Link  in  Besaheim.  This  min»  whieh  ha  ito 
erigin  in  Roaaa  dayo  eonsiets  ©f  a  number  ©f  levels  and  shaf  ts,  driven  into  ths 
mountain  for  ths  purpoe«  of  obtaining  crushad  marble»  whioh  was  ussd  in  various  forma» 
aa  bullding  material»  fertUisey  e  te¬ 
ilt  ths  beglaubig  af  ths  minsplant  period,  attompts  wer«  made  to  salvage  whatsvsr 
maohinsyy  sould  bs  salvaged  fyom  ths  feurned  plant  in  Darastadt*  This  shop  was  sst 
mp  ia  ths  courtyard  of  ths  old  marble  gr inding  mill»  As  this  Operation  progresssd» 

Dy»  Link»  ths  original  cwnar  of  this  mins  prsparsd  it  for  ths  rsosptlon  of  Dr«  Heynann*i 
Factory»  A  unit  of  ths  Organisation  Todt  furnlehed  ths  labor.  Ths  first  brauch  to 
bow»  into  ths  mountain  was  ths  salvage  shop»  next  ths  mH  horlsontal  gyro  produetlen 
unit,  thsn  ths  vsrtical  gyro  rspair  unit» 

Aocordlng  to  Dr»  Bsymazm»  ths  factory  in  Darnstedt  had  produesd  approac.  3000  mnito 
per  onth»  in  Dessrber  ■  produotlon  Inside  ths  mountain  amountsd  to  150  units  aonthly 
and  at  ths  tim*  o;gy  troeps  Invasion  of  ths  mim  ths  prsduotion  figurs  was  up  to 
1500  units»  Xt  had  bsea  hopsd  that  in  three  mors  weeks  ths  plant  sould  produoo 
ths  äquivalent  of  ths  original  Darmstadt  faotery» 

Apparsntly  Dr»  Hsyaann  sould  not  teil  or  did  not  knotr  whsrs  ths  units  wert  ultlmatsly 
ussd»  Hs  Claims  that  ths  "Führer*  ,  from  ths  Bealrksruatuagskoascando  sould  allooato  th 
•psoific  production  of  parts  to  ths  most  likoly  manufaotursr  and  he  sould  knos  tho 
overall  sei  up»  as  far  as  aassmbly  and  destination  wer  »  conoernsd» 

Hhfortunatsly»  du©  ts  ths  limited  per  sonne  1  on  hand  for  ths  Job  not  a» ay 
de  teils  could  bs  assortainsd  during  this  Investigation  of  ths  plant»  Another  dr&sbadfe 
was  ths  fact  that  tho  Dr»  had»  under  Orders  fron  ths  Rustuogskommando,  dsstroysd  «11 
störet  and  conf tdemtial  wfttsrs  and  correspondenge*  Ttoen  his  main  poroduotloa  man»  « 
yovng  Kr»  Rüpel,  wfeo  psrhaps  is  ths  ksy  man  to  this  whols  sst  up  was  not  at  tho 
plant  or  avallable»  Ihia  man»  fron  oorrespondsneo  found  made  frequent  trip»  to 
Berlin  and  suroly  was  a  Kasi  and  knew  mors  of  ths  whols  work  and  its  Position  ln  tho 
industry  than  ©an  bs  ©btainsd  from  any  interrogation  of  Dr»  Hsyaann» 

oms  ndnor  Items  found  worfch  mentioning  arsi  Ths  mins  is  in  dangsy  of  drowning  sloqfty» 


The  Xo^er  Sonj.e  o r  levol,  which  contuined  some  experimental  rauchinery  was  found  to  ht 
^11  mxier  water*  The  pump,  which  was  originally  ins  talled  for  the  purp  ose  of 
s&Tin-  the  sine  ran  on  380  volts*  which  voltage  was  not  obtai nable  with  the 
saaehinery  at  the  disposition  of  the  U.S.  engineers  which  are  now  supplying  the  min® 
with  lijht  and  po^sible  power« 

«hen  Keymann  was  ordered  to  cripple  the  factory,  (not  ;to  deatroy  itj)  he  had 
asked  fcr  sufficient  grease  to  preserve  the  large  amount  of  machinery,  of  German  arid 
Swiss  narufactors«,  But  grease  was  unav&ilable  and  so  the  rachinery  Is,  due  to  the 
humid! ty  of  the  sine,  in  progressive  stages  of  rusting»  On  a  rough  estimate  this 
rachinery  presents  an  inves timen t  of  approximately  60,000$  and  is  of  secondary 
cuality  at  that« 

A  second  shaf t  to  the  outside  was  contemplated  and  found  by  our  military  pollce. 

Frc»  the  general  aspect  of  this  project  undertaken  by  the  Germans  to  rehabüitate 
the  dastroyfed  Indus try  it  seems  very  probable  that  the  mountain  ränge  here  and 
farther  to  the  South  contains  a  great  amount  of  tho.se  s  aller  faotories.  The 
Investigation  of  all  present  ly  worked  and  forraerly  abafedoned  mines  in  this  area 
will  in  all  probability  yield  mor©  discoveries  of  this  kind. 


i 
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MEMORA^Uy*  Interrcoritlon  of  Dr.  Ing.  HANS  HT^nN,  Kirzingan,  S2  April,  1945, 


Lr.  Ing.  Hyman  was  ln-  orr<"gated  by  Dr,  Portar  and  F/Lt  Stokes* 

He  Claims  tc  bo  an  expert  in  produc  Ln./  all  kinds  of  osci Lla Lions  -uid  v  b  ra tl n  an , 
and  correspond Ing ly  in  the  measurement  and  renoval  of  Vibration.  In  par bioular 
he  belißres  that  he  has  developed  the  Science  of  "symptomatic  analys  s"  of  troublas 
in  rotating  maoh.'.nes  to  a  high  degress. 

Early  training  of  Hymen  was  at  Karl  Schenck,  GmbH,  at  Dannstadt,  Land wohrs tivi ue. 
Ihls  firm  wa"  snyagsd  in  th=  d©3lgn  and  cons'.ru  -tion  of  11  uchbmachine"  or  dyn.2.*  ic 
balanci ng  machir.es* 

He  eventually  lnft  Schenck  be cause  of  some  personal  uifficulties  between  hi  isSsli  ar td 
the  ovrner,  and  sbar^ed  in  bue  iness  for  himself.  Abcut  1940  his  :vcrk  began  c  x 

be  recognized  by  bh:>  vorioue  military  es  tablishmonts  and  he  was  cilled  on  by  the 
ft.L.w*  to  develo?  r-ettcds  of  testing  all  aorts  of  gyroscopic  de  vice  s  for  aircrn'l. 
his  paruicular  claäM  is  that  he  developed  instriananus-  which  (’a)  allowed  the 
gyroscopes  to  be  teste#  in  the  devices  in  which  they  are  used,  i.e.  in  their 
mountings,  and  (b)  that  he  reduced  the  testing  proceduro  fiom  one  requiring  tv/o  c 
8 ix  hours  by  an  ex-.ort  to  one  requiring  only  about  fi/teen  minu  >es  by  a  girl.  ne 
describee  his  methcds  as  beleg  comparable  with  the  electrocariograph  idea  in 
medicine;  in  fact  he  says  that  the  idea  was  first  put  in  his  minci  by  a  discuss  loh  idh 
a  physician  during  troatmsnt  for  heart  troufcle,  frora  which  he  has  suffersd  for  a 
long  time.  As  noarly  as  cöuld  be  deterroined  in  this  short  interview,  the  rae'l-oä 
consists  of  a  pick-up  d  vice  of  sowe  sort,  an  amplifier,  and  a  cathode  ray  osciilo  ;-■=.<  h 
tcgothor  with  the  technique  required  to  analvze  the  resulting  trace  and  deborrdria  he 
source  of  the  vibra  tion* 

His  reputation  in  .Jtis  work'-'as  such  that  he  was  asked  to  manufarture  gyrc scones, 
which  he  did  at  jurs stadt.  When  this  establishment  was  bomben  out,  he  mcved  to  an 
Underground  loca  tion  nt  Auerbach,  Bergs  brasse,  noar  Bens neig.  His  naximum  rnon  hly 
production  reached  35ÖO  per  month  at  Darmstadt,  but  had  net  got  underway  to  any 
great  extant  at  the  Underground  plant  at  the  time  it  was  occupied. 

Other  Companies  vrith  which  ha  worked  on  gyroscope  proble  s  u-  re  Kreiselgerate  •.»  ad, 
Berlin,  Fii*ma  Horn  in  Plauen,  and  Firma  Ohnig  in  Hartla  near  Scheinnitz. 

KIs  Orders  fer  gyrüscrnes  came  from  the  Rus tungss tab,  Berlin  from  a  Herr  von 
V/edelstadt.  Thi3  erganj  zation  gave  hiro  half  a  million  R&  to  expand  his  facili.ies 
and  to  s«t  up  the  Underground  factory  after  he  was  bombed  out  at  Pamstadt* 

In  addition  to  his  r/erk  on  gyro  proble.  =s,  .  r.  H.vmann  ha?  carried  cut  experimeet® 
in  bhe  compression  of  powsdered  materials  by  means  of  Vibration,  Separation  c-i 
Materials  accordin g  o  size  and  danci  ty  on  a  vibratlng  table,  and  datonati-  a  of 
minas  by  Vibration, 

Ihe  compression  exririmenis  seem  to  have  been  rather  extensive  and  apparon VLy  '  o 
successful*  For  exc  ple,  Lr,  Hymnnn  Claims  to  have  reduced  the  volume  of  i  l  er  •«.  iP 
otlier  powdered  food-stuff  to  less  than  t.Mrty  per  cent  of  the  original  volure, 

Powdered  explosives  called  Hexogen  and  Gelbpulvar  furnishod  by  B.n.G.  «are 
compressed  to  a  densily  essen tially  the  seine  as  that  cf  the  homoganeous  material, 

Wetal  powder  was  press od  into  bulle ts,  etc,  dhese  results  are  ebtained,  he  cl  n.  3 
by-  the  Superposition  of  vibra tions  of  different  frequancy  in  nt  l^ast  vo  axes 
simultanously,  The  exact  values  of  the  various  frequencies  and  thoir  magni’ade 
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depenc  on  the  si ze,  density,  and  hardness  of  the  gratis,  ror  seine  kinds  of  work 
.  crr  .nie  vibrati :,rs  are  03ed. 

l-icl:  of  tiae  unf  jrtunately  pre  vonted  obtsining  ~;oro  datailed  Information  fron  thia 
ribject.  iie  was  asked  tc  draw  a  sketch  shcwing  ^he  lccaijc.cn  of  his  various 
-  -  «.shusatsl  _his  sketch  is  attached.  •  It  shows  five  different  unita,  one  of 
-'lieh  »as  the  gyro  rrjnufac  turing  unit  at  Darms tadt,  one  of  the  Underground 
estabiishme  .  ts  at  Auerbach  which  replaced  the  first  when  it  was  bombed  out, 
vdesigiiited  as  1  on  tcetcli)  a  unit  in  Parins  tau  t  later  moved  to  fiallein  (?) 

as  2  on.  he  Sketch,  one  at  Nieder  Ramstadtbei  Parma  taat  (designated  as  4 
on  the  sketch)  and  one  at  Parquai  (?)  (dnsignated  as  3  on  his  sketch).  The  unit  at 
nieder  Jans  Ladt  is  the  place  where  samples  of  powder  preseings  may  possibly  be  found, 
uk  ske  one  at  rarquai  (?)  is  the  one  in  which  work  cn  inine  detonRtors  was  being 
carrieb  out. 

Units  listed  as  1  and  2  on  his  sketch  were  incorporated  under  tpe  name,  Dr.  Ing* 

Hans  ßyran,  Forschongs  u  Produktion  Messtechnik,  wherees  those  des ignated  as  3  and  4 
*e.V:  by  bö  name,  Pr,  Ing.,  Qys&n  ft  Co.  For3chungs  Institut. 


R.  W.  PORTER 
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ci og  Fxsr.r»  tsa:*  ascessfk::?  kepcrt 


1. TaRGET  PO.  Target,  cf  Opportun! ty. 

2. TI7LG  CT  TvvSGT.  T  r.  Ing,  HA?S  H3%71PI 


3.LC0ATICN, 


~fX-mnym 


4.CC  '  ITiOfJ  CF  TjJL*  •;  }  G7ÄATK3  C.VpiTTIöN  (See  attached  repcrt) 


5.D ^SOfcI  .17;  CF  o..  "0>,  Small  second  quality  lathea,  drill  preases  and  planer.«. 

a  fall  invonöor/  is  avail&ble  fron  the  54th  Pisnmanen 
f  madron,  »?h  ich  Includes  */c; ry  ce-ple  te  assertmont  oi* 
gyro  rotor  par^s,  ms  Pars  and  teoting  equipment  fer 
balanci ng  the  gyros.  The  gyres  ??'re  of  the  110  volt  a.c, 

500  cycla  ty  s  whloh  onera  tod  at  an  rnrn  of  2" ,  5 00,  .  ajiioles 

of  the  gyro  were  obtamed  and  dccuments  explairFig  tho 
xnethed  used  for  dynairddally  the  gyres  are  beirg 

furnished  to  R.A.S,  Farnbcrough  and  '."right  Field  fer  für  .her 
study. 


6.ITEIS  GHAED3D; 

a.  5oUipment  )  Guarded  by  the  A?CG  of  Bensheim  at  the  time  of  ■  his  repcrt. 

b.  Documents  ) 

c.  Personnel  ) 


7.  PF:  1011  >T  aSSJLSS^U  ?f  2 


8*  O'IHSR  RlFÄRKSi  Cao  -aohed  report  of  Interrogation  of  Pr.  Heyraann. 

9*  D..TS  CF  AGHSSStn  w  5  c  änril  1945. 

10.  ASSESSORS  M./Eo:  Hijht  Lt.  Cedric  Golöie. 

Fajor  w.  7JA  Harkinson.  AC. 

Arry  Group  -  6th  Arrny  Group 
Iren  Group  -  CTOS  Team  U  4 

T  For  ca  Gon»  ander 
File. 
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■  r  e  1  i  i  i  n  a  r  y  Report  of  A  Target  of  Opportunity 

:  Socket  Motor  Test  Station  of  Bayerische  Motor  Werke  (BMW) 
hOCATICNr  Illach  near  Munich 

VlglTiID  BI;  Lt.  Col.  G.J.Gollin,  S/L  3.  J.Kenny ,  Lt .  Ozol,  H.A.Liebhafsky 
(  British)  (British)  (UlS!Ord)  (  Civ.Tec.) 

This  target  has  been  assessed  by  a  GABT  team,  and  Squadron  Leader 
Hob inson( British)  (CAET)  informed  us  that  a  C.I.O.S.  team  to  investigate 
it  has  been  requested,  He  did  not  object  to  a  preliminary  Investigation 
by  the  above  mentioned  members  of  the  C.I.O.S. 

Team  Ko»  183,  who  stopped  here  en  route  to  Garmisch-Partenkirchen» 

There  is  no  doubt  that  the  target  is  one  of  the  outstanding 
German  stations  for  stationary  tests  on  rocket  motors.  Stations  of 
eomparable  Import ance  se  ;m  to  have  been  only  at  Peenemünde  apfl  Berlin. 
Por  tbjjs  reason,  it  is  of  Interest  to  coitpare  it  even  briefly  with 
the  Ordcit  Station  at  Pasadena  and  will  the  plane  at  Schenectady. 

We  were  conducted  t  irough  tha  Station  by  Dr.  Hemesath,  chief 
Chemist  of  BIT«  for  rocket  fuels,  who  Claims  (along  with  others-see 
Ey  earlier  reports)  to  be  the  inventor  of  hypergole  fuels  utilizing 
nitric  acid  as  oxidant.  He  Claims  furthur  that  some  6000  rocket  -fuel 
conbinations  have  been  tested  at  the  target.  Kitric  acid  was  the  only 
oxidant  used  in  these  tests;  many  reducing  agents  (fuels)  were  tried, 
the  chcice  of  these  being  dictated  largly  by  supply  considerations. 
Hydrogen  peroxide  has  been  studied  for  submarine  purposes  in  the 
lafcoratory,  but  never  in  a  rocket  motor. 

The  Station  was  feegun  early  in  194-3 •  It  was  to  consist  of  12 
pairs  of  test  pits,  each  pair  having  one  control  room.  Most  of  these 
pits  were  built,  but  noo  all  were  operated,  Thrust  was  measured 
hydraulically  through  a  membran s .  There  was  also  an  electrical  method 
of  thrust  measurement,  but  this  did  not  involve  a  quartz  crystal, 
a  reasonable  guess  is  that  it  involved  changing  the  capacity  of  a 
condenser  by  a  mechanical  di3placeraent  proportional  to  the  thrust. 

(The  CIOS  team  expects  to  clear  up  this  matter  and  to  obtain  sanrples 
of  the  thrust-measureing  devices)  The  reectants  are  delivered  by 
pressurizing,  air  or  nitrogen  being  used.  Beaction  is  begun  by  having 
an  explosive  rupture  a  metal  membrane;  this  Starts  the  flow  of  reactants 
(Lt  Col*  Sellin  says  that  he  is  throughly  familiär  with  this  method 

which  he  uses)  The  hypergoles  are  self-igniting;f or  the  other  fuels, 
igiiition  by  means  of  gunpowder,  by  means  of  an  electric  spark, 
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Ki  oy  «.göns  of  hypergoles  in  smal  1  Huantit.  huS  ueön  v  „ecu 

Two  fe&tures  of  this  Station  are  particularly  interesting.  One 
is  the  central  storage  system  for  the  reactants .  The  fuels  are  kept 
in  x  large  tanks  centrally  located  (they  seem  to  be  raade  of  steel)j 
the  nitric  acid  is  kept  in  a  large  aluminimum  drum.  The  tank  can  be 
weighed  before  and  after  an  experiment  tc  give  the  fuel  consumed# 

Pipes  lead  from  these  tanks  to  the  various  test  pits.  This  central  fuel 
System  had  actually  never  been  usea  because  there  had  not  been  time  to 
complete  it# 

The  second  feature  is  the  means  of  getting  rid  of  the  exhaust 
gases.  Bach  test  pit  exhausts  into  a  replaceable  sheet  iron  circular 
duct  about  3*  er  4*  in  diameter,  which  is  located  in  an  enclosure 
behind  thß  test  pit#  The  opening  of  the  duct  may  be  10  or  15*  from 
the  motor*  The  duct  leads  into  a  square  brick  duct,  3  or  6*  on  the  side 
which  has  a  stack  may  be  45*  high  at  one  end.  Ducts  not  in  use  may 
be  closed#  Attached  tot he  stack  is  a  blower,  which  sends  air  up 
through  it#  This  moving  current  of  air  is  made  to  carry  the  gases  out 
of  the  stack#  (It  is  hoped  that  the  final  CIOS  report  will  include 
plans  of  this  gas  exhaufet  system) 

The  excellent  lighting  of  the  test  pits'  is  noteworthy.  The  glass 
protecting  the  lights  has  been  cracked  by  flying  pieces  of  motors# 

One  man  has  been  killed  or  seriously  h  ’t  in  experiments  at 
Allach*  Neverthel&ßs,  their  xxjl  safety  precautions  seen|to  be  well 
taken,  and  there  have  been  no  injuries  of  operators  who  followed 
instructions.  The  walls  of  the  test  pits  are  reinforced  concreto 
•about  30  inches  thick.  The  peep  holes  are  errang ed  as  shown  below  in 
sections 


SO  'Yäf, 


The  shaded  sections  are  safety  glass  built  for  submarines,  i’ash  sectioi 
is  about  4"  thick.  The  space  between  the  sections  can  be  heated 
electrically  or  a  dyhydrating  agent  can  be  introduced  into  it.  Düring 
a  run  ,  awire  netting  is  lowered  to  protect  the  glass  from  pieces  of 
an  exploding  motor.  Such  explosives  are  not  uncommon  because  nitric 
acid  tends  to  form  explosive  organic  nitr^ates  iif  the  oxidation  cf 
the  fuel  does  not  proceed  rapidly  on  mixing. 
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Ileedlsss  to  say ,  Dr„  Hemesath  feels  that  nitric  acid  is  the  most 
pronising  of  all  oxidants  for  rocket  purpos es.  He  admifcfe,  however,  that 
operational  use  has  yet  been  made  of  it  in  Germany*  but  says  that 
cnere  have  been  trial  flights.  Most  axperiments  were  done  with  5*1 
raxic  cf  nitric  acid  £o  fuel,  which  means  the  nitric  acid  is  in  excess 
Cnlp  fuel  and  acid  rates  and  thrust  were  measured. 

Most  experiments  have  been  made  on  motors  like  that  for  the  X-4, 
vuere  the  mass  e^ected  per  second  is  near  0.8  kilogramss  duration  of 
cne  experiments  was  usually  about  20  seconds.  Work  has  also  been  done 
on  assisted  take-oif  units  for  rocket  planes jthese  experiments  were 
on  a  IC  fold  larger  scale  and  were  longer  continued.  Specific  impulses 
sr-ound  20C  seconds  seem  to  have  been  reachedf  this  point  requires 
ehecking* 


H.  A.  Liebhafsky 
T/0  U.8.  Ordnance, 
Munich,  Germany, 
May  12,  1945. 


546 


THE  STORY  OF  FSENKHUi©E 


PART  II 


THE  AERO-DYNAMIC-BALLISTICS 


RESEARCH  STATION,  KOCHELSEE. 



Lt.  Col.  J.  A.  O'M&rc 

Lt.  Col.  G.  J.  Gollin 
Major  J,  Iba 11 
S/Ldr.  E.  G.  A.  Kennig 
S/Ldr.  3.  Ao  Sharp« 
F/Lt.  K.  R.  Stokes 
Dr.  fio  Vf.  Porter 
Dr0  Ho  A.  Leibh&fsky 
Dr.  Fritz  Ewicky 


ÜSSTAF 

(Team  Leader) 

Br.  U.  of  S. 
Br.  M.  of  S. 
Br.  A.I.  (2)  Q. 
Br.  M.A.P. 

Br.  A.D.I.  (k) 
U.S.  Ürd. 

U.  S.  Ord. 
USST.-vF 


GIGS  Team  No.  183. 
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,*£  JprotilMi*  of  the  Hydraulio  Rxperingntal  Station,  Kfc^haia««- 

The  Syäraulies  experimental  Institution  Kochelse«  ia  an  Ä«r©- 
dymalc-ballis tics  experimental  Institution  which,  for  reasons  ©f 
eecrecy 9  ha®  received  the  na m©  of  Hydraulics  Experinental  Station« 


«•  as^ntttto  Froblams  i 

Iheoretical  and  experimental  research  of  eoBpreseifele  etreafi- 
lag  ppos&Bsm  «Ith  the  ©ent«r  of  gravi ty  in  supereoaic  ourrent, 
partdcularly  at  high  m&th«  figures«  For  inetaneet  Currente  through 
htvaX  nosales,  roturn  gain  of  preseur«  in  diffusere,  current  flow 
around  *  n@dg%  oone9  ball,  cylinder,  current  flow  alosg  platee 
«round  profil®®*  Analysis  oh  extrem!  ty  or  boundary  layere,  änaljsis 
®a  iisrhulene«,  dev«lop®®nt  of  mensuration,  methods  for  ©lectricity, 
©piics,  thernsdynanlcs,  aceoustlcs» 

fiSStKSlL^gS^gg^feE  .teohnloal  develoanente  j 

teiag  the  Um  trm  I939-X945  the  aetivitiee  eoneieted  of 
wcrrk  ©a  the  following  war  profelaas  (or  oontraotejs 


1«  %m  gainiug  of  rmvlts  through  aero-dyaanio  reettareh  to 
m#ä  as  &  feasis  for  the  conotructioa  of  the  great  dietance  rocket 
■s-i  sind  the  experimental  rocke  ts  A-3  and  A-5,  deveXapnent  of  Such  te 
nt  Ifammmmä®, 

2«  Furtlier  development  ©f  the  device  A*4  for  greater  firing 
nagp0m  (l~9  also  caliad  A-4b). 


3«  .  Frnparntloa  of  the  a ero^dyasaic  and  ©ufc#r«>balHetic 
tmxm&tl&m  fort 


(«)  Satire  development  of  projeotJLlee  and  Shells  for  the 
Orduaao®  Division,  War  Department«  Form  ©r  sh&ps  givifig  for 
projeetilee  for  field  srtlUery«  Long  ränge  artillery,  «nti-tank, 
fog  *r  ess#»  eereene« 

(b)  The  aeso-dynani©  form  givtn  projectilee  for  flaJe-artillery, 
rocket  projectilee  for  arme  (aounted  on  eircraft)  for  inetaaoe 
^Brachen®  (Dragon)  p  eontrolled  and  uncontrolled  flak-rockete  fron 
the  graunA  to  the  plane,  eepeclally;  Wasserfall  (*A2ERFAJ-D)#  Taifun 
iffphom),  Rhein  tochter  (Rhine-daughter) . 

(o)  Tb©  amament  Indus tryt  Krupp,  Roechiieg,  Rheinnetall,  Skoda, 
J*eags  Bocfauaer-Verin  (Bothun  Association)  Üttkowits. 

4«  Beeide«  the  abovs-named  aero-dynanic  problens ,  the 
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construetive  development  cf  the  so-called  Peenemunde- Arrow-Prrjectiles 
(PF  G)  was  undortaken  and  carried  out-  öfter  their  cvm  aero-dynamio 
and  ccns  tarne  tiv©  points  of  view. 


c«.  Planniog  and  construction  of  the  "Super schall-Windkanais  (Super- 

sonlc  wind  channel  (tonne 1)  57000  KW . 


Cross-secticn  Ire  x  1®,  ccntinucus  Operation,  Ma"7,  devaloping  up 
to  Ma  s  10;  to  gain  the  Aero-dynamic  foundations  for  long  disT&nce 
rocke ts  for  rankes  of  soveral  thousand  kiiomeiors  for  the  coc^ercs 
between  the  contirants. 


B.  Chronological  Survey  of  the  development  of  the  WYa  and  its  predecesscrs 

at  Aachen  &  Peenemünde. 

1934*35  Gone  tructicn  of  the  first  super so  nie  wind  tunuel  by 

Dr.  Hermann,  Professor  at  the  Aero-öynamic  Its  ti  iu  of 
the  Technical  High  School,  Aachen,  Principal  Professor 
Wieselberger.  (Cross  sectlon  10cm  x  10  er;:,  k  :  3)* 


1936-37  Carry ing  out  the  first  ae&suremcnts  for  rocket  .pro^aciila 

A-3  (first  itep  for  A-4).  Building  of  a  oecond  suporsönic 
wind  channel  at  Aachen,  cross  sectlon  20cm  x  20cmo 

1936-37  Layout  and  drafting  of  the  40cra  x  40cm  super sonic  wind 
tunnal  on  Order  of  the  ordnance  (Kar  Department)  by  Dr, 
Hermann  for  th©  experimental  Station,  Peenemunde, 


1937  Founding  of  the  Aero-Dynamic  Institute  at  the  experimen¬ 

tal  Station  Peenemunde,  Principal  Dr,  Hermann,  16  Co~ 
werkers.  Construction  of  the  channel.  Gross  secticn 
40om  x  40cn,  blowing  time  20  seconds,  capacity  dlO  KÄ, 


1939  Setting  inte  Operation  of  the  wind  channel  with  1  meas- 

uring  ränge,  approxisately  60  co-workers.  ExecudLon  of 
3-component  mensurationa. 

Till  1943  Steady  enlarging  of  the  Institute  due  to  increase  in 
Order»,  expansion  of  the  experimental  plant,  erection 
of  new  laboratoriee  and  increasing  the  number  of  co- 
workers.  Speed  up  to  Ma  c  4.4  (correspondingly  1450  m  sec). 


Aug«1943  5  seasuring  raages,  approximately  200  co-workere .  Ho 

destruction  of  the  Institute  suffered  fron  air  attack 
on  Peenemünde. 

End  of  1943  Beginning  construction  on  the  superscnic  wind  tunnel  at 
Kochel/Obb.  which  was  drafted  in  1942« 


Jan. 1944  Founding  of  the  Hydraulic  Experimental  Institute 

Koohelsee  G.m.b.H«  by  Dr.  R,  Hermann  and  Dr,  Herbert 
Graf  for  the  purpose  of  designing,  building  and 
distributing  stress  or  current- technical  devices. 
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'  Sevsring  of  th©  Institution  frora  the  Experimental 
Station  Peenemünde  and  moving  earae  to  Kochel. 

Oct»  1944  Coraple  tion  of  th©  plant  in  th©  rcugh  and  putting 

into  Operation  on  measuring  ränge  of  40cm  x  40cm, 
up  to  Mar  4,4. 

*  and  werk  distribution  of  th©  WVA. 

ihe  hyüraulic  experimental  Institution  is  divided  into 
departments,  aain  groups  and  groups,  which  in  their  sizes  and 
personnel  strength  are  capabla  of  solving  the  parti cular  problems 
©f  the  various  fields,  namely,  the  theoretical  and  experimental 
research,  exscution  of  the  experiments,  maintenanc©  and  improve- 
ments  on  the  technicsi  plant  and  Installation:.-’-,  ae  well  as  general 
Operation  and  commercial  administration. 

This  Organisation  plan  was  not  adhered  to  too  rigidly  but  was 
left  flexible  to  the  ©xtent  of  readily  adapting  itself  to  the 
chang© s  and  needs  required  by  the  temporary  shelving  of  one  project 
and  the  moving  up  to  priori ty  of  another«,  Die  following  Statements 
may  serve  as  an  Illustration  of  the  special  kinds  of  work  carried 
out« 


e ,  Department  Exi>eriaental  leboratory: 

Dr.  Phil«  Hermann  Kurzweg  -  Working  out  of  all  questiona  and 
pro  bis  cs  of  aerc-dymmics#  nsathematics,  therroo-dynamics  and  related 
fields,  theory,  as  well  as  experimental  testing  of  modele. 

Dr.  Phil«  R,  Latiner  ta  -  Main  Group  •  Aero-dynamic  me  ne  ura  tiona . 
Theoretical  and  experimental  analysls  of  the  development  of  aero- 
dynamically  faworable  forms  and  shapes  for  fast  flying  bodies  of 
their  own  and  foroibn  dosigns* 

Dipl.  Engr.  Max  Raffel; 

Group  1?  Three-component  raonsurations.  Mensurations  to  gain 
knowledge  on  resistance  buoyancy,  and  body  meinen tum. 

Group  2t  Miscellaneous  mansurations.  Mensurations  to  ascertain 
staMlity  and  dirigibility. 

Group  3  *  Photo  Department.  Photographing  and  filming  of 
experimental  research  in  all  de partment«,  aain  groups. 

Dr.  Peter  Tfogcner  (b)  Main  Group  -  Aero-Dynamics  basles  ressarch. 
Theoretical  calculation  and  experimental  rechecking  (proofing  of 
aero-dynsmio  charaetsristics  of  newly  developed  bodies,  wlngs, 
guiding  gear  and  rudders  of  their  own  and  foreign  ideas. 

Dipl.  %ngr.  Hans  Ullrich  Eckert  -  Group  lt  Dynamic  Experiment«. 
Experiment»  by  dynamic  methods,  on  swing  ing  or  owcillating  modele  to 
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find  xh*i  basiv  for  stabil! ty,  cepability  cf  Support,  »ave  er  bet-ter 
stabil!  ty  gcü  dirigibility. 


Group  2s  St&tistic  Experiments  -  Experiments  for  finöing  the 
distributicn  of  pressure  on  body,  wing,  gujding  gear  and  rudder  on 
a  rigider  held  nodal. 

Dr»  Phil«,  Willi  Keybey  -  C  Main  Group:  sfatkenatics  bureau« 

Evaluation  cf  the  monsuration  results,  transfiguring  the  roeulta 
of  the  fflodöl  experimento  to  actuality  of  free-f light. 

Std.  Ass.  Fjodor  Schubert  -  Group  2;  The er o ti cal  gas  dyn&rics* 
Research  and  e&leulation  of  th©  methematic-thecre  cic&l  basie  of  current 
procsssee  in  super-scunä  and  compreseible  sub^scund. 

Can.  Math.  W.  Zettler-Saidel  «  Group  3a  Calcul&tion  of 
Trajectories.  -  Application  of  th®  thecretic  and  experimental 
knowledge  gained,  on  outer  ballistice.  Developing  of  Systems  for  the 
ealculation  of  tbe  actual  f light  couree  in  free-f light. 

Dr.  Phil.  Weiter  Kraus  -  D  Groups  ühermodynaiaice. 

Theoretical  ealculation  and  experimental  analysis  to  gaifl  knowledg©  on 
the  faeating  up,  the  heat  trans forma tion  and  ita  influence  upon  t$e 
aero-dynaadc  and  constructive  qualities  of  flying  bodies.  Development 
of  temperatur©  measuring  methods  on  current®  of  supersonic  speed. 

Dr.  Phil.  Ernst-Hane  Winkler  -  E.  Group:  Optics. 

Developing  and  iraproving  on  optical  devices  and  Instruments,  necessary 
for  the  experimental  an&lysis.  Sspecially  on  equipment  used  in  streak 
optics,  the  Interferometer  for  qualitative  and  quantitative  mansuration 
of  current  prooessee. 

Dipl.  &ngr«  Siegfried  Kofc  -  A  fcain  Group?  Electro  mensuration. 

Developing  of  electric  measuring  methods  for  the  mensuration  of  current 

prooessee. 

Dipl.  Sngr.  Gottfried  Arnold  -  Group  li  Physical  measuring 
methods.  Application  of  X-rayt  for  measuring  the  deneity  (pressures) 
of  current  processes.  Analysis  on  expansion  of  sound  waves  in  super 
sound  vrith  electric  measuring  devices. 

Group  2t  General  measuring  methods.  Development  of  eleotrical 
Systems  of  the  three-componsnt  scales  to  measure  the  forces  on  a  model 
during  the  wind  tunnel  tost«,  Development  and  application  of  electric 
pressure  gauges  used  in  ascertaining  pressure  distribution. 

Dipl.  Bngr.  Max  Peucker  -  B  Hain  Group«  Electro-operation. 
Flanning,  extension  and  super inte nd Ing  the  electrical  and  of  the 
experimental  plant  and  mach Ine ry  of  the  Hydro-experiaental  statiAn« 

Dipl.  Eng.  Josef  Cernvi  Group  li  PXanning  and  Constructlon  - 
Erection  cf  switchboards  and  constructlon  and  improveaent  of  machlnes 
and  control  apparatus  of  the  Kind  tunnel. 


sss 


Operational  Supervision  -  Servicing  and  supervisi ng 
cf  ms  Wilnas  and  control  apparatus  during  Operation  t-ests. 


j^rpup  3f  Consiructicri  of  Equipment.  Development  and  eonstruction 
of  electrical  me&suring  apperatus  and  circaits  for  the  wind  tunnels  and 
their  operational  observaticn* 

C  Department  of  Technical  Development* 

Chief  Euf»  Hans  Gessner  -  Constructive  development  of  tbe  wind 
tannel  Installation©  and  preparation  of  fourdations.  Conatruction  of 
Kodels  and  mechaxiic&X  parts  of  the  Dea3urin~  apparatus.  Cons true tion 
©f  arrow  projectiles  as  a  resuit  of  new  aerodynajaics  diecovered  and 
the  preparstions  of  coopletlon  plens  for  the  armawent  Indus  try. 
Conatruction  of  sscdels  and  important  parts  of  the  wind  tunnel  in  the 
Workshops«, 

(a)  Ing«,  Josef  Kuckertg* 

(a)  .Main  Groups  Ccnstruction: 

Geißle  tion  of  e&Iculatlons  and  preparation  of  the  conatruction 

dravings« 

Group  1*  H@ESisr©tios  ränge  ♦ 

*  2i  ÄXTfm  pr ojectiles. 
m  3*  Mod®  1«. 

2£ng„  Edvwfsä  Stellearagrk  -  S  feie  Group;  Febrica  tion» 

MäPhine  and  prtcleion  ehe»*» 

1*  Supervialoa  tureau  -  Shop  direction  and  administration. 

2«  Job  preparation. 

3.  Workshop  -  üaebina  fitting  Department,  lathe  departaent, 
ailliflg  machine  dapt.,  planer  d&pt»,  cabinst-maklng, 
precision  department,  t-ool  srib  and  stock  roc«. 

d.  Pe^rts^ent  Wind  Tramel  *>  South  (WS)  Dra  Engr.  Gerhard  Eber. 

Problems  t  Designing  and  constructing  a  wind  tunnel  with  a  hydro 
power  Station  between  Walchensee  and  Kochelsee  of  1»  x  1b  crosa 
sec  tion  for  7  fold  speed  of  sound  (Ai»  of  development*  10-fold  speed 
of  souad)  with  and  installed  output  of  57000  Kf.  Sfce  project  was 
^srried  out  by  the  Hydro  research  Institution  in  collaboratlon  with 
tim  material  supply  firsa,  Hie  hydrauiic  end  of  the  plant  project 
i,ff  worked  otrt  by  goverotant  building  engineer  Schlegel  of  Itunich. 

Br«»  Phil«  Karl  Heinrich  Gruenswald  -  A  Hain  Group*  Scientific 
;  tions«."  "Clearing  (erplaining)  of  all  physical  and  technical  questions 
s/’isirig  dui  ing  the  building  of  the  wind  tunnel  for  instance,  in  regards 
to  air  drylng,  behaviour  of  the  air  during  the  expansion  in  the  Laval 
nosslea« 
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Bhgr.  Guenthsr  neilmcfler  -  B  M&ln  urou.pt  Mo  na ura  td  on 
r-ange.  Contraction  of  the  monsurstirn  ränge  *;I  Ih  inflow-funnel, 
mensurablen  cU&mber,  diffuser  t h ree -componen L  seales,  and  Schlieren 
optica«  Srection  of  the  mensuration  ränge  i:i  Kollaboration  with  th# 
firm  of  Bingler,  Zweibrücker*. 

Dipl.  Sngr.  Albert  Haller  -  C  Group«  Machinery  plant., 

CalcuXating  and  deslgnipg  cf  the  tu* bina  unit,  conaisting  of  4  twin 
Waiatrahl  (free  fftream  turbines'- of  output,  each  12000  kW  directly 
couplad  with  "Vtecuusfl  pumpe  and  3  single  sbage  free  streara  turbinaa  cf 
3000  kl  output  «ach  fcr  the  generation  of  electric  energy  xn 
co-operation  with  th®  firm  of  Veith,  Heidenhaim. 

Calculating  and  designing  of  the  vacuum  pump  assembly,  oonaiating 
of  7  hlower  st&gas  with  ona  sucticn  line  of  1200000  »3/h,  to  produca  a 
vrcuucs  of  1*4®»  03  (Mercury  Column?)  including  the  ßppropriate  oooler 
and  switching  apparatus  and  auxiliary  raachines  in  Cooperation  with  the 
firm  of  Brown  Boveri  and  Co.  Mannheim. 

Designing  af  the  air-drying  Installation  for  the  drying  of 
approxiaately  870,000  kg  of  air  per  h.  from  of  12g/kg  moi sture  to  löse 
th&n  O.Sg/kg  through  the  medium  of  silicic  acid-Gel  in  Kollaboration 
with  tha  firm  of  Silca-Gel-Gesellschaft,  Berlin. 

Dipl*  Baar*  W,  Schlesinger  -  p  Main  Group»  Electric  Installatbns. 

Devaloping  all  electrical  equiprnent  necessary  for  the  Operation  of  the 
Installation,  such  equiprnent  as  was  chosen  on  ground  of  experimenta  rede 
in  research  on  tha  existing  wind  tunnels. 

a.  Main  Group«  General  devices  and  installations,  fabricating  and 
procuring  laboratory  equiprnent,  meaeuring  instrumenta  etc,  necesösry  ln 
the  Operation  of  tha  wind  tun ne 1.  Fitting  up  of  several  l&boratories 
in  conforaity  with  latest  Standard  methods. 

Data  on  tha  Building  Constructiom 

Beginning  of  tha  building  Hovember  1943,  time  provided  for  the 
building  -  2  ywar«.  Operation  of  the  Installation  in  ita  first  staga 
should  have  oegun  in  Au tum n  1945«  Work  on  the  building  project  ceased 
in  March  1944*  The  geologieal  analysis  and  ourveying  works  of  the 
hydraulics  part  have  been  concluded,  Building  of  the  machinery 
Installation«  oarried  on  until  September  1944.  De tallad  parts  of  tha 
Installation  (auch  as  driving  gears,  and  blowers)  are  at  Kochel. 

f.  Department  Administration!  Dr.  Phil  Herbert  Graf. 

Handling  of  all  operational  and  connnercial  administrativ»  qua st loa» 
were  norm&Uy  dealt  with  by  an  asBoclation  of  limited  bomb  (guaranty) 
Details  along  these  lines  are  taken  for  granted  and  do  not  need  aiqr 
3pecial  mentioning  in  the  Organisation  plan. 


PV  '1,  Ate:. 
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g«  Assistant  of  th©  Management  -  Engre  Guenther  Hemoann • 

D.  Power  Installation» 

Ihe  ff91  at  Kochel  takes  its  power  fro®  the  Walchensee  power 
plant,  which  Is  the  largest  hydroelectric  plant  in  Gennany  with  a 
peak  capaeity  ef  168,000  H.P.  It  is  undamaged,  The  power  demands 
of  fflA  ar©  only  about  2%  of  the  plant 9  s  normal  load. 

At  the  present  time,  Wik  ie  sorved  by  two  traneforuers  at  the 
powar  plant?  the  larger  of  theßg,  6000  kVA»  106050/1900  volts  is 
cn  lo&n  f T<m  Rfesin^Iäain-lJcnau.  München,  and  may  be  recalled  at  any 
tiaea  Th©  seeossd  transformers  which  stepa  the  1900  feolts  up  to 
60CX)  boltSg  hmd  to  be  used  bs  cause  th©  first  wes  not  adapteü  to  this 
Job?  this  sscoM  transferier  is  overloaded  when  WVA  is  at  full 
capacity»  A  transfermer  to  replace  these  two,  5500  KVA,  106000/6000 
volts  has  beea  erdered  from  and  mad©  by  OTS  (Italy)j  it  is  presuaed  to 
be  in  Bosen  (Bosaso) 

3ha  wind  tunnel  puraps  ars  eparated  on  6000  volts?  tho  Hghting, 
irying  Installation,  and  simdlsr  circuits  opera ted  on  360/220  volts. 
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2m  Ot areal  Itaaarfes  ©n  £ht  Equipnent. 

*•  Stt_dCTtM  ter  th«  wind  TawwZt. 

Zn  th»  prcMBt  intcrnlttcnt  wind  tunnwl,  alr  1»  adnltted  tbrowgh 
a  a«ad~eyllndrioal  aaotlen  eaütaining  7  ton*  of  *1110«  gel.  Th«  drying 
«yat«»  1 *  d«sorlb«d  in  th«  HVP  raport  Archiv  Kr.  66/49  by  &*.  Orunewalii. 
Certain  ixfematlon  not  given  in  th«  raport  ia  given  below. 

Th«  alr  pass««  through  th«  drying  ««otion  at  a  veloelty  n«ar  1  V**cf 
th«  seotten  haa  a  a «rf  ao®  of  about  3Q  *q.  b.  and  g«l  Motion  1«  30  es 
thiek»  tiaativmtlcm  ia  by  neans  of  a  oold  blaut  of  dry  alr,  thia  la 
naeessary  bmmvmm  th«  tina  b«tw««a  th«  20  a«c.  runa  i«  only  3  to  5  aia., 
«hieb  ie  «*t  lo«g  «nough  for  a  raactlvation  by  hcat.  A  r«activatl«a 
fellew«  «¥«ry  ran«  Th«  blaat  of  oold  dry  air  ia  g«n«rat«d  in  an 
ins  teile  tle*  eeaprlalng  two  abaorbsra,  of  which  on«  ia  r«aetivat«d  by 
h«at  «hlla  th«  «thsr  ia  in  aervic«,  heeter«  and  ooolera.  In  general,  tha 
water  cont«nt  of  th«  alr  d«liver«d  waa  about  0.1  to  0.2  g/ kg;  ln  Vary 
hnald  w«ath»r  it  waa  wors«.  The  pr«e«nt  charg«  of  «illea  g«l  haa  bean  ln 
uaa  5  yacr#|  tha  only  deterioration  obaarved  haa  bean  a  gradnal 
pulveriaatlenj  th«  powder  sattlaa  to  th«  botton  of  th«  aeotlon  and 
increaaaa  th«  reale tanc«  to  flow. 

Ifc«  drylag  Inatallation  planned  for  th«  continuoualy  op«ratlng  wind 
tunnal  will  b«  different.  The  aami-oylindrical  stet  Ion  will  be  repla««d 
by  two  plan«  dry  Ing  section«,  whloh  nay  b«  shut  off  fron  «ach  other  t« 
p#r*it  separat«  raactlvation.  ( In*  seni-cylindrical  shape  waa  original!/ 
adopt«d  vj  glv«  radial  flow,  but  thia  waa  found  unnecessary)  •  Tha 
throughpnt  «111  ha  400  ou.n./min^  of  air,  th«  dryn«aa  «xpected  being  abent 
rfaat  now  attalnod.  A  wind  tunnel  run  will  laat  1  hr j  raactlvation  of  th« 
allloa  gal  la  axnactad  to  requira  3  hours. 

Lm^LmUhbAsl- 

1.  Tha  drying  ayaten  la  lntdblocked  wlth  tha  "Schnallachlnaaveatll" 
in  such  a  way  that  tha  atrean  of  dry  alr  fron  tha  fortoer  «aoapee  through 
a  by-ase  wban  thia  valva  la  open,  but  go«a  through  th«  a illea  gel  to 
reaotlvat«  1t  when  the  valv«  ia  closed  at  th«  end  of  a  run.  Thia  sahen« 
jaust  of  conra#  b«  aodlfied  when  a  "hot  activation"  of  the  allica  gel 
b«con«a  neeeaaary,  aa  it  doaa  ona'  «  day  under  the  worat  conditlona. 

Such  activation  requlrea  about  3  hours  and  nay  be  neceasary  only 
ev«ry  2  weeka  la  winter. 

2.  Chang« a  involvlng  the  nodal  belng  studied  are  mad«  durlng  tha 
perlod  r«qulr«4  for  th«  raactlvation  of  tha  gal  and  th«  pumpir^-out  of  tha 
r«a«rvolr  (750  au.n.  capecity;  Inother  reaarvolr  of  1000  cu.n.  ia  baiM 
bullt). 

3.  Safety  n«a eures  are  taken  to  mak«  th«  «ntire  Installation  fool» 
proof;  uauelly  thosa  are  at  least  two  aafety  measurea  to  protoct  agalnat 
a  given  haaard.  In  th«  puaplng  Installation,  the  «wltches  cannot  b« 
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eloaed  er  ran&ln  closed  i f  the  eoeling  water  1b  not  running  through 
p'ajj»!  lf  the  air  belng  puaped  risse  orer  280°G.,  the  puape 

pr*!?!Zr*  130  ***•  I1jm  inom»*a  aöovo  3  ata.,  the  puaps 
«op  llkaaiaa;  thare  ara  also  bursting  MihraMs  to  guard  egeiast 
“*  ©antingsncy.  Siailar  porecautions  are  taken  on  tha  wind 

•1  ittelf. 


_  .  graat  haaard  la  the  Operation  of  tha  tunnsl  is  tha  daiwsr  ft*ca 

njlag  glast  when  tha  glas«  wall«  of  tha  chaabsr  fall.  So  far  no  one 
ha»  baaa  Ihjured  In  tha  Operation  of  tha  tunnal,  aithar  her«  or  at 
FMamte» 


B* 


5«  Th  Stert  tha  taanel,  a  faat  switch  aust  ba  prassad  tarloa. 
onoa  t»  thwt  tha  streu»  ©f  dry  air  lato  tha  by-ass  and  agaia  to  epaa 
tho  ^aata»llaohlaaewanUl » .  Ibis  aakas  eertain  that  tha  dry  air  is  belog 
by*faaaad  hsufere  «parotioa  aan  bagia.  ^ 


69  A  fit  of  tha  "Sohnelischlusarentil"  is  very  important  to 
pc*rmv&  1mm»  Im  to  tha  generetian  of  ahook  waTesj  thasa  could  bo 
ssrious  assuggi  to  pranimt  tha  ehtaialiag  of  supersonlo  flow. 


7.  filiffcreaft  flhafe  nuabers  ara  abtaiaad  by  shragii*  tha  aossla  ia 
tha  wind  tme&'l,  Iharse  mmu  e&n  aaka  auch  a  ohsaga  in  U  ainutes. 


fi»  th*  puv>~  rotary  air  oosprass  ors  contalniog  so  re  bla  blades 
ia  mm  srsimf  honsing.  The  blades  ara  bald  againet  tha  houeing  by 
eenirifsjgsl  farof»  wfeso  tha  pmsp»  ara  ia  Operation.  Tha  coaprassion 
ratio,  whieh  wmg  bars  walaas  razägiag  up  to  10,  depends  upon  tha  daslga 
aad  upoa  tha  Isekag»  p&st  tha  bladea. 


tontffli  ,?t  v»»  ata  aas&i. 


Tbe  following  staps  ara  takan  la  ordar  to  reeuas  aparatlaa  aftar 
s  oanal  ahnt  down» 


1.  Closa  circtiit  breakars  for  the  puape  and  the  dryiag  Installation 
(3  aiautaa). 

2«  Start  tba  cooling  water  flowing  t.hrough  the  puape.  Start  tha 
paapa.  (3  ainutes). 

3*  Start  tha  coolipg  water  ln  the  dryiag  Installation. 

Pree#  batton  to  Start  tha  Installation.  (2  ainutes). 

4«  Iasart  »edel  lato  wind  tunnel,  This  Operation  requlres  5 

5  inutao  ia  the  siaplost  aase  wbsn  only  lif  t,  dragv  and  pitah 
ara  to  ha  aeasured,  tha  aounting  of  aodale  aay  roquire  sereral 
fcotsra  when  pressure  dlstrlbution  is  to  be  studiadj  ln  this  oase, 
both  the  iaaer  and  outer  glase  walle  on  one  slde  wüst  be  replaced 
by  Steel,'  and  this  r squires  the  uee  of  a  cranej  the  manoaeters 
aast  ha  connected  (there  aay  be  a  hundred  of  these).  Sereral 
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ytm  «r«  «l*o  roqulrod  *h*n  X»ngr  a*a«wr— nt*  ara  t* 
b»  *-  k*r  b«ro  th«  «tael  plabes  wüst  b*  u*«a  also,  ia»s 
Sohlieren  pbetegrapha  «r*  t akan»  gl«**  «all*  «r«  usad;  bar« 
s*st  of  th«  tlssa  required  go«*  into  aottlng  up  the  optleal 
Ib*  «an«  thing  epplias  to  th«  lnterf*ran*tar,  with 
which  ep«oUX  gl«**  *14««  sust  b«  insertad  into  th«  tunnal, 

5«  Äaa  lift,  drag  and  pitch  «r«  to  b«  »easured,  th«  «l«otro- 

■agnetio  drcult«  nuat  b«  closed  about  10  «laut««  befere  «  \ 

run  so  that  stoady  «tat«  condition*  ( t*np«ratur«  nalnly)  «r« 
rwaohed,  For  wery  p5W«la«  work  1t  1*  dasirable  to  calibrat« 

tb*  balane«*  pr«el*«ly  «ach  day,  wfaieh  raqtiir««  abtut  an  hour; 

feer  los*  pre«l«a  work,  only  wo  or  thr««  point*  neod  b«  cheeked, 
lb«n  th«  asw  balane«  sjstaa  ha«  b««n  introduced,  th«r«  will  bt 
no  ne«d  tat  frequent  calibration  eine«  «  linear  relationehip 
will  obtaia  b«tw*«n  th«  foroe*  and  current*  recorded. 

6,  Tb*  20-*«coad  run  ha«  now  begun»  10  or  15  **cond«  suffie« 
for  th«  aeasureasnt  of  th«  foro«*.  (Tb*  force*  an  th«  aod«l 
«ad  beider  «r«  iiauaUy  aeasured  first)  tb*  «ubeoqueut 
a»«sur«a*nt  «n  tb*  holder  «Ion«  r«qui rmm9  of  cour**,  a  «*p«r«t* 
ran)«  Pr**«ur«  distrlbuticn  aeasuraaents  nay  r«quir«  up  to 
40  p*ople  with  th«  pr«*«nt  systta;  when  th«  9 ls c tro«agn«t ie 
iwcording  pr««*ur*  gwege  «yaton  has  been  introdweed,  all  tho 
praoowr«  r«ading*  will  b«  fully  autonatic 

7«  4t  th«  «nd  of  tb«  run,  th«  "Sohn«llschlufl*v*ntll"  i*  closed 
e«  that  tb*  pr«a«ure  ln  the  r«a«r90lr  drops  to  th«  desirwd 
initial  wmlu«  for  th«  next  run.  (The  pump*  are  k*pt  ln 
cantiauou*  Operation).  The  permlaaibl«  initial  pressure 
warle*  inwerealy  with  th«  Bach  mmber  of  th«  next  experinentf 
f«r  «xaapl«,  1*2  Ma  r«quir«s  **60jC  «waouation",  •«  that  th« 

Initial  praesure  ie  40%  of  760  an,  3.1  Ha  requira*  95%  «vacu- 
atlon;  99*5%  «vacuatlon  ha«  bean  attain«d.  The  puaping  tiaen 
required  wary  fron  3  to  10  ninut«*;  gt  Mach  nuabera  bslow 
2*5,  th«  thra«  pairaof  punp*  (eapacity  of  «ach  pair,  about 
200  om  'nin.)  «re  u*«d  in  parallel,  et  higher  Mach  nuaber«  tb« 
thlrd  palr  of  pump*  ia  in  ••rle*  with  tb*  ©tber  two  paira  in 
parallel;  th«  change  fron  ona  pump  hook-up  to  another  ean  ba 
aad«  by  preaalng  a  button. 
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°*  Iht  Mmb  for  tfa»  glnd  Twul. 

Bm  bkiküeM  for  iMaauriaf  th«  thr*«  oonpon«nts  (llft,  drttf  and  olt*fe) 
ara  mhamt  in  t im  aitaohad  Sketch. 

Iba  dlstartioQ  of  the  sprisgs  li  raad  alaotroMgnetleallyj  m 
racaartiKg  apparatua  ia  coepleta  bat  b«c  not  yet  be«a  in* tallad.  Tha 
eoaplat*  wlring  öiagrauR  is  shown  balavi 


Differenzwooge 


At  tm  jpreaanfc  tiaa,  tha  epparatnt  ln  use  ia  paetleiUj  that  ta  tha 
laft  nf -tha  linear  aapllflar  (Ragal^reiÄrkar;.  Thla  appargtu*  la 
new  com^mtmä  so  ®e  Aü  ädllieas  ii?,  ab  ich  haa  tha  diaadwmatage  that 
tha  aprisar  *uet  be  «ery  stronly  dletort&d  to  glas  aa  appraaiahie 
eurrent.  Fssr  this  rsajoa,  tha  surrast  and  «elght  ralatleaehlp  la  aat 
lir*>»re  Th©  new  arrangsssnt.  will  b#?  aot  ©söy  automtia»  feut  linear 
iaat#a  tha  »awasant  of  the  ep&  lag  will  ba  asffieiantly  reatrieted, 
and  beoaua#  both  ajaplifier  and  reciifiar  (Olalohrlehtarhrflahe)  bare 
linear  oiißraateriatios. 

The  usual  wariations  in  rooa  teBp«ratare  da  not  affaat  tha  raeulte* 
heasisrane&ta  o war  tha  re nga  10  g  to  4  hg  «111  ba  nada  ta  «■  2  g  (appreoc) 
without  changicg  tha  belang«.-  By  ehanglag  tha  air  gup,  thla  ränge  «111 
ba  dieplacad  to  higher  or  lower  vaiua®, 

«x>näitiona  «rill  obtain  «hon  tha  ceeplata  alaatriaal  «ystb»  la 

lebcratary  trete  ta  »how  thla  bare  baan  «ade,  the  apparata* 

:ms  re#dj  to  in« lall. 

.7*3  present  arrangeaent  uaa  tha  drawbaak  that  tha  dl^faranea  raq uirad 
r*  ae£at»Uah  pltch  ia  obtalned  by  tha  «ubtractio«  of  t«a  large 
cua&Utias.  A  *Biffaran*  waaga*  «aa  aocardli^lj  oonstruatad  ao  that 
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thl»  dlff&rs&o«  could  b®  ee&sarod  directly  ©vor  a  rang«  roetrloted 
t©  ©nour©  high  pr® ci®Ios«  This  Mlanc©  ha#  not  yot  b»«n  iaottlXedf 
it  ha®  be®&  ®®a$truöt®d  and  t®«toa, 

1b®  tert%®  for  tfe®  ©sw  *d"ff«r®oo®  bal&isö®w  will  hav«  tve  industa®®®,® 
tmr  ®&oh  « f  the  tss©  ®prl«gs  ooncoraod  ln  the  plteh  »®a®iir®»«Bty  a®  shcim 
in  th*  wtrlng  diagraa« 

In  th®  pp®l»®nt  bridg«,  tar©  taduataacee  ar»  eowpar®d  with  tm  atandard 
r««istaao®®*  Tb®  "Diff ®r®n»*©«c«ga »  ie  doaorlbod  in  S?A  Archiv  SA»  66/l$8« 

Th«  balaaees  «r®  «AÜbratad  otatioally  «Ith  welghts» 
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lfiou&tlng  cf  Model  and  Springs  for  the  balaace. 
(Note  th©  four  horisooal  guids  wirss  for  th«  sprlngs ) » 


~,:-a.I«.nc«g  wifchin  Wind  Tunnel  Models« 

Th©  ©xternai  b&lanne  systsa  has  the  disadrantage  that  tho 
for 00  aetlng  cm  the  ncd-el  must  bs  obtained  as  the  difference  of 
th©  for@®s  ca  holder  and  model,  and  on  th©  holder  alone.  If 
this  difference  is  saiaJLl,  as  ia  the  c-as©  of  a  good  aerodynamic 
body,  it  is  lieble  to  b©  insccurate*  This  inaccuracy  is 
aitigatad  by  placing  a  balanoe  iaside  th©  nodal,  the  balance  being 
& ttached  t©  th©  holder. 

Iheee  balanees  are  identdeal  in  principle  witfc  the  elaetro- 
nagnetie  §r©s*ur©  gaugas  j  here  th©  aembranes  are  peplaoed  by 
springe#  Tfis  b&laneea  ar®  ss&de  in  a  wide  ränge  öf  siaes. 
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D«  Pressure  indicatora  for  «nall  preecur«  Id  th»  sup^rs  <mle  «find 


w  «all  of  Bsrylliua  Btrona« 

_ (Beryllium  Coppor)  of  d  -  25/1000 

an  ®1  thor  pc  or  vaeuua 

(«hl oh  1«  »or»  advantageoua  sine« 

ona  i&easure«  ««all  preeaur««). 


F«,  pensalloy,  «u  aet*l 
(«aeentially  nick«!  alloy  with  high 
initial  p»rm@ablllt$r)  , 


fr - D - *1 


Full  rang«  for  ins  tarn?»  5  m  Hg  «Ith  an  aceuracy  of  3%  AC  in  th« 
coil  *\f  s  1000  Har a«  Error»  given  through  moohanieal  hystereala 
löse««»  Dias  ns  ions  ar«  of  th«  Order  D  s  15  a»  L  *  20  mm  »o  thay  oan 
bc  inoorporated  lnto  th»  modale  in  the  wind  tunnsl.  Speoa  8  i» 
•vaeuat«d  to  a  prsssure  at  least  about  oni  hundr«d  tine«  a»all«r  than 
th«  proaaur«  one  1»  to  measur««  Th«  chambar  «all«  on  rapid  «Taouation 
■ust  therafore  b©  abl«  to  «ithstand  ehooka  of  1  ata« 

To  a  pr«ssur«  diff»r«nc«  of  5  an  Hg  corrasponds  a  dioplaceaent  of 
ton  aicron«.  (  »  100  divlsions  on  the  scal«),  0n«  scal«  divisiop 
oorr«aponda  to  10” 5  ar?  Hg.» 

Ultrasound  wav««  cf  about  A  ^  1  mro  to  4  ««  (  V  •  330  ooo  Ha  to 

80  000  Hz)«  fVora  worked  upon  ln  Order  to  flll  the  «hol«  c rose  ««ction 
with  «ave«,  the  r«fr«ction  ( Schlier« n)  »urvey  of  which  would  ha«’« 
allo««d  to  determine  th«  diatribution  in  th«  tamperaturs  fleld» 
(Determination  of  th«  local  wer«  length  of  th«  superposed  wav««  of 
«aall  aaplitud«  with  th«  "Schlieren"  msthod). 

Prolog t  on  th«  "Suprgohall11  Wind  Tiinnal« 

M3up»rßohall",  Hach  nunber  K  >  4»  to  "überschau*  of  Mach 
nuaber  4.  Neberschall  flow  i«  relativ«  ly  easily  attainable« 
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*•  fiBttÜl  APParmtms  at  go 


interesting  pieoo  ef  optimal  «quipaant  i®  a  n ow 
Interfaraaatar  ud«  tgr  Carl  Zalaa.  Thia  «quipment  has  norar 
Wb  uaad  ob  a  wind  twnnal  aa  it  waa  ©nly  being  fittad  up  «bau 
fT1  W3  Wturad,  Th«  apparataa  had  baan  dlomantlad,  burlod 
**  th»  grooad  and  la  nov  1b  a  workii*  condition* 


Th«  intarf arome ter  la  of  th«  "lkch-Z«hnd«r"  typ«  (4  plata 
IntarfaraBaUr),  Tho  fiald  of  vier  1.  9  to  10  cn.  The  alaa  of 
tt»  Channel  which  flta  around  th«  wind  tuunol  la  ae  shown  on  tho 
plan« 


A  plan  of  tho  inatruaant  la  attachod,  por  adjuatmont  ther« 
ar«  t®c«  lfidtrvMBti  almilar  to  thaodolitaa  which  anabla  ona  to  g«t 
an  «xaoOjr  horizontal  baaa  of  light  through  tho  Interferometer. 

Cte®  of  tham  (I)  i*  fittad  in  tho  plao©  af  tha  arc  lamp  and  filter, 
ccndansor  and  water  cell  reamd.  The  othar  inatrument  (F)  la 
fitted  on  a  small  optica!  Weh  near  plata  III  (aoe  plan)  and  tho 
viewlng  ooadenser  removedc  l£>  contalcs  a  oroaa-wire  which  can  be 
▼iowod  by  tbe  teloaoopo  F  -  Plata  IV  la  adjuatod  ao  that  tha  oroaa 
wiro  of  K  ©eine Idee  with  oroaa  wir«  F,  Plato  IV  ia  thon  at  45° 
to  tho  horizontal»  Th#  o th«r  alrrora  aro  thon  adjuatod  ao  that  all 
four  aro  parallel.  Pia toa  I  ♦  III  aro  aemitranaparent  airrcrs  tho 
back  anrfacea  of  which  aro  mado  non-raf iectiag,  Tha  final  adjuataenta 
fernst  bo  aaco  «Ith  tho  arc  l&mp  and  monochromatlc  light.  Tho  saro 
eetting  ls  made  by  ualng  whita  light  and  movlng  the  plata  III  parallel 
t#  tho  horiaental  boaa.  After  thaao  adjuataants  har®  beon  aado  only 
cae  alrrer  (plata  IV)  is  aerod  and  the  only  wer  ob«  nt  peralttad  la  an 
lnelination  about  either  the  vertioal  or  horizontal  uda,  tho  whola 
lnatrusanto  reat  on  four  faot  which -ar«  fittad  with  a  System  of  aprlnga 
which  damp  out  any  Vibration«  . 

Thor©  aro  fcwo  optioal  ground  platoa  which  form  the  Windows  of  the 
tuxmel  gl ving  a  fiald  af  vlaw  af  15*0  ca  dlanetar»  ( Ihaaa  platas  ha  re 
total  diameter  of  24  na  and  thiohnoae  25  bb).  Theae  p  lates  er#  the 
flnAat  qu&lity  optimal  glaaa  available  in  Gsrmany  and  thelr  aurfaeea 
are  ground  to  1 aas  than  i  af  a  wavelongth  of  light.  To  eomponaate  for 
tha  amll  error  du»  to  tha  aurfaoaa  balng  not  parallel  the  two  platoa 
een  bo  turned  about  tha  horizontal  axia  of  the  Interferometer.  There 
aro  alao  two  ccmponsating  platas  which  form  the  windowö  of  a  compon- 
aating  ohaabor  through  which  paaaas  the  lower  horizontal  light  beam# 

Tb»  light  System  la  a  9g  arc  lamp  of  100  watta,  a  high  pressure  Kg  aro 
lamp  of  nearly  1000  watta  and  also  a  fll&aent  lamp  can  bo  used  whca  tha 
adjustaenta  are  boipg  aada»  Thraa  filtert  ar«  providad  glvlng  light 
of  5461  4,  5469  -  5490  A  and  4359  A  wavelength  reapectively.  Tha 
coaienser  (parabolic)  haa  a  focal  dlstance  of  16  cm.  Finally  «'water 
cell  to  aösorb  haat  raya. 

For  obrerving  the  fringea  there  ia  a  teleacopa  and  projoctor  on  a 
carrlaga  and  tha  usual  photographlo  equlpsent.  Platen  of  1H  x  13  cm 
or  a  35  mm  film  can  be  uaed.  The  fringoc.  can  be  raoorded  on  a  moving 
'  Um  c*j*ora  taJcing  100  pictures  per  aecondg 
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U3i:*g  tho  100  wait,  Hg  arc,  pic  tsras  can  be  taken  wi  th  an 
•xpoouro  of  1/500  bsc.  Tho  1000  watt  Hg-arc  givefl  plctures  with 
1/5000  3ea.  exposure. 

Fron  tha  interferenoe  pattarna  lt  is  possible  »  deterwine 
dlfferuncee  in  preasuro  and  tharefore  of  denaity  ln  the  air  of  the 
wind- tunnal.  Tha  graat  ad  van  tag  ea  of  thia  method  aro  that  maasu r*- 
aants  are  posaible  without  any  apparatus  being  ln  tha  air  atreaa,  it 
ia  «xtremely  rapid  and  a  continuoua  racord  can  be  obtained  with  u 
high  epeed  Camera  of  modela  whioh  ara  movir^  with  high  velocity. 
Speoial  maehlnea  hava  baan  deaigned  and  con'tructed  for  lntarproting 
tha  diagraaa  quickly  and  for  caloulating  tha  resulta0  Ona  of  these 
»Chinas  ia  at  Kochel  but  tha  othara  were  et  Dannstadt  and  they  hava 
baan  destroyed.  A  othar  machine  was  in  conatruction  ugain  and  was 
nwarly  coraplated0  /a  far  aa  ia  known  thia  ia  still  at  Darms  tadt. 
(Prof«  Rauf  Mach» nie  was  n&ned  Hoffan). 

Therc  ia  on  the  wind  tunnal  an  earlier  modal  of  tha  Interfer¬ 
ometer«.  Thia  aarllar  modal  ia  of  tha  sans  high  optical  quality  aa 
the  later  modal  but  the  adjustmenta  for  changing  the  diotanca  batween 
tha  f ringe»  ia  auch  oore  complicatad.  On  tha  later  aodol  it  ia  only 
naoaasary  te  turn  one  knob  to  make  thia  adjustnent  whilo  on  tha 
e&rliar  nodal  it  ia  nacesaa ry  to  nanipulata  fiwe  knobe«  Thia 
aimplifl cation  of  adjustaanta  reaulta  fron  tha  fact  that  in  tho  lator 
uiodal  the  length  of  the  hcrisontal  path  1b  twioo  that  of  tha 
▼ertioal  path  conaaquently  tha  center  of  plata  Vf  ia  on  tho  aimon» 
feronoa  of  a  circle  with  ihs  centar  at  tha  oentor  of  tha  modal«  Thero 
ia  a  plan  of  thia  earlier  model  attaohed«  Tha  later  model  fite  ander 
the  turmel  while  the  earlier  ono  fi  tted  over  the  top  of  the  tunnol« 
The  wind  tunnal  Windows  for  tha  aarllar  modal  are  large r  than  the 
later  ones  having  a  diameter  of  420  nn.  Thara  ara  four  comp late. 
Windows  and  two  aats  of  half  plates«,  These  platoa  cost  mora  ♦hau 
the  remalnder  of  the  Interferometer. 

It  13  clftJmed  that  tho  accuracy  is  approximately  0.5^  at  Mach 
No.  2V  2$  at  Mach  Ho.  3  and  Mach  Mos.  4  and  5. 
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followlng  ia  a  Hat  of  other  optieal  equlpaant  rö 

Kochel* 


1.  Schlieren  apparatua. 


13i er©  ar©  2  Schli^Teo  equip©»nt»  at  abcv«,  on©  of  ©hich  1©  ul; ad 
ia  th#  tvunool.  Or»a  slrror  of  «ach  peir  of  clrror«  ia  tha  tunnal 
©phcrlca!  and  ifao  oLher  has  hyperbolic  correctioa  which  ia  aad© 
by  hand*  Tha  second  equlpaant  ha*  two  parabollo  airror©  of 
f  9  5in«  Th©  diajaoter  of  all  foirr  airror©  ie  50  ca. 

Thor©  i«  a  third  Schlieren  «quipaoat  vhich  u*m  two  spherical 
airror©  of  f  *  350  ca  and  dlameter  *  33  ca* 

In  ad  'itlon  th©r©  ioan  ©quipaent  *ith  \mo  l«n©«e  o ff»  250 
ca  and  diameter  25  ca. 

Th©  iiÄuai  aocaccory  cpparatu©  »uch  a©  filier©  ©to«  ara 
availabl©« 


2.  itfaeBiä 


in  parfectly  dry  air  oan  U  cowparad  with  that  ln  air  eontainlng  a 
•■all  quantity  of  watar. 

A)  aura  two  priena  of  fliat  glaaa,  qnarts  or  roak-aalt»  Ihay 
oan  ba  rotatad  on  thalr  aountings  by  neaaa  of  the  kaob  0« 

B)  ara  four  apharioal  alrrora  of  f  *  300  mm  aid  raotangular 
•hapa  will»  approximataly  5  cm  sides. 

It  ia  claiaad  that  an  aocuraoy  of  1%  at  bunidltlaa  of  0.5  gn 
in  a  oubio  »ater  of  air,  and  1  •  2$  at  lower  huaiditias. 

It  was  propoaad  to  Ina  teil  an  alternativ«  detaotor  to  tba 
th«rmo»«lenent  coneletiqg  cf  An  abaorption  cell  and  It  was  ta  ba 
aade  so  that  a  oontinuou»  racord  of  the  humidity  could  ba  obtaiaad« 
'ZM«  lat  ter  was  daeignad  but  not  constructed. 

3o  Ibara  1s  a  oowplate  rang«  of  saallar  optloal  apparatus  whioh  «re 
naoassary  for  ths  aaaspreaants  which  ar«  carriad  out  and  for  rasaarob 
purpasas» 
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FLA  CS  I 

Zntsrf  oro«* tsr  pattsrn»  «Ith  nodsls  h.  still  air« 

(•)  60°  conef  dlaattsr  ©f  bsss  7*0  m. 

(b)  42°  «ms,  diasetsr  of  bas«  5*0  csst 

Th®  dirsction  of  the  fr Ingos  1s  ohossn  to  «ult  tbs 
particular  m«.  del  shsps  or  s  particulsr  pari  of  tbs 
nodsl  «hieb  ls  of  lntsrssta 
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(a)  42°  oon«  ln  an  alr  atraan,  Mach  nuaber  3.10,  horiaontal 
fr ing««» 

(b)  42°  cona  ln  an  air  etraaa,  Mach  nuaber  3.10,  vertlcal 

f ringe». 

lu  (a)  ths  pattarns  on  aach  aide  of  tha  oona  ara  nat  tha  saaa 
baoauaa  tha  pressure  dietrlbution  1s  eynmetried  and  tha  fr Inges 
alwaj»  am  ln  tha  aaaa  diraotion. 
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T>  3/C  4Z  •  Ae  .. 



iBtarpratation  ©f  Flat©  II  to  daaonfl  träte  the  ©hange 
©f  preee%ir©  b#t*#*n  th«  «hock  eav«  and  th«  eypfaoe  of 
th«  »odel  along  th«  lins  mr ked  "Sehnitt".  Maeh  nuaber 
3.10. 

p  «  praseur©  detervined  free  pattara 
q  h  m&nottetrie  pree©ure  ©f  alp  etreaa 
y  «  ©oordinata  alotsg  •'Schnitt* 
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<ft  Pltte  IT  («) 


I»  £  Ml  4  9km  tht  pr**#wr«  di«*ribution  aloi* 
ttar»*<2lM  «  Meüoa« 

tm  rnmim,  **.*•  «Mm o»  euu  uz* 
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EäSULL 


Thi«  plat«  ahovs  th*  patt«rn  obtalned  vith  Maoh  Nr. 

1.06  wiihout  any  Modal  ln  th«  «lr  stroaa. 

k  oodel  givlng  «  thr««  di»«n» tonal  pietur«  of  th« 
praasur«  diatribution  was  oooatruo tad  and  1t  anahlae 
oorractlona  to  b«  Bad«  to  th«  nosslaa  of.  th«  air-tunnol. 
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?  •  «f  %^m£mrnmAm  Mmp  qr»t«*  Ä? 

tjjttt,  %  vi jtfgvf  m4  vmwl %  töl«*öor»  &M  mmm  ftti»dii5g'to  tb* 
S»£^§|&  Ja  £rca*  of  _x  ' 
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Xirrm  ara  praparad  by  aputtarlng  Al  cb  claan  glaa*  and  tha* 
Bpdttaftng  e  protaetlv*  ooating  ef  on  ih*  «irror  tfenui  predaoad. 

WoTBit^  to  a  half  v«t«  langth  1«  obtainadj  unlferalty  1b 
oaetrallad  by  obaarrlng  intarfaranc*  oolorB  -  aroporation  ls  tetarraptad 
«hon  tha  proper  oeler  appaar*. 

1ha  alsanlng  ia  aoot  iaportent.  Tb*  gl»**  if  flr*t.  ^oaddlmod**  ln 
mir  by  awbjaotlng  lt  to  •  Taala  soll  dlacharga,  tha  oaono  prodaoad  by 
vhiak  ls  avpposad  to  bs  banaflolal.  Th*  glas*  1*  MXt  boabardad  by  Ion* 
ln  vaoum  so  ab  to  roaoT*  and  flnish  Um  claaniag.  Al  1*  thon  «Tsoorstod 
om:  tho  h*at  being  «uppliad  by  a  tungatan  filaaant.  3102  1*  final  ly 
sputtarad  on  ln  alallar  fasklon«  The  •▼aporations  ara  oarrlod  out  ln 
high  tmowa  «t  taaperaturaa  ostiisatod  as  14D0°C  (Al)  and  2500°C  (3iQ2)o 

Al  ridoro  and  3102  r Idars  ara  placad  dlraotly  on  tho  tungstan 
fllaaant«  Th*  SIO2  »alta  but  tha  droplats  adhara.  About  10  sao,  ls  tho 
aToraga  tlao  for  «raporatlon. 

Tha  finlahad  mirrcr  nay  ba  poliahed  and  la  rary  dura  bl*.  Ifot  arary 
alrror  aada  la  auccaaaful.  Oood  airrora  up  to  about  6”  diaaator  hava 
baaa  aada« 
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Mgy  for  th«  Determination  of  Gas  Deneltias  ln  Ranidly 

iSrotfS 


oonstancy  t©  wi  thin  ♦  0.1%  was  achleved  by  uting  a  generator 
exclusive  ly  for  the  work  and  regulating  lta  voltage  by  naans  of  a 
Standard  vwcuu»-  tuba  ragulator  (Siemene). 

Ika  achaaatio  diagraa  of  tha  apparatus  ia  given  halowri 

Querschnitt  durch  die  Meßstrecke 


1  fl 


au  St  re  Sta^lwand 
dn  Wmdkanals 


Tha  teackground  radlation  froa  a  W  targat  at  7.5  to  10  kV  was  uaad; 
tuba  current  10  to  20  Ma  An  Ionisation  chamber  was  usad.  Tha 
calibration  was  carried  out  by  aeans  of  tha  calibration  tuba  in 
which  known  preöjures  of  dry  air  could  be  aalntainedo  Iba  procision 
le  aatina^ad  at  better  than  ♦  1%  at  ataospheric  pressure,  but  it 
dacraaaao  wi  tn  tha  pressure.*"  Calibration  immediately  bafore  use  ia 
advleahle* 

«eaauremente  on  «c tu.  1  nudels  hava  not.  boan  made;  but  tha  mathod 
has  boan  usad  to  che^k  tha  flow  fron  nozzlen  in  the  wind  tunnel. 

Flow  arounä  prisms  is  n  w  being  :«tudied,  and  work  on  wi  g  profilas 
is  planned.  T ha  natlud  will  ol>  rnore  difCijult  to  apply  to  projactlles 
and  tha  Lik#.  On  such  »ork,  tha  beom  is  staLionary  and  the  nodel 
is  iovwd# 

Tha  Ionisation  chamb^r  aixi  vacuun  tuba  amplifior  for  the  small 
currente  (e^n »valent  r**flii>t»nce  lQ>^chrss)  wäre  dav*;loped  in 
!  arras t  ~hu  and  »rii  their  r«port  »WA  Archiv  Nr.  Al). 


SB4 


Th«  »e thod  ieaj  giva,  for  t he  first  tisaa,  tfc«  tanpersturo  of 

tba  boundary  layer  for  a  tcodal  ln  tha  wind  tunnel.  Iho 
0  tat  io  pressure  xa  meaeured  aa  uaual  througi  a  hol«  ln  th« 
nodal v  and  th«  denrity  at  tha  aama  point  is  obnainad  by 
neasuring  X-ray  Absorption. 

A  typical  mault  for  flow  around  prisms  at  Mach  nun bars  1,6  to 
2,9  la  ahown  in  tha  following  dlagrant 

P 

*.5 

1.4 

1.5 
1.2 
U 
IG 
0. 9 


P * 

Measurenenta  wäre  nada  at  varioua  point  parallel  to  the  axie 
of  tha  nodal  alopg  a  lins  cross Ing  tha  »hock  wav«  as  shorn. 

Thsre  is  a  break  in  tha  praasvur«  eurra  at  thia  poiht.  The 
dacraasa  in  praseura  bayond  B  was  m  t  expectadj  it  aa y  be  that 
sona  nolacular  prooass  (rotatlon,  vibra  .l«-n  ?)  prooeeds  too 
alowly  to  absorb  tha  enargy  of  tha  ehock  wawa  without  havin^  th« 
p rassure  rls«  abore  its  final  tsIu«. 


wa  vc 
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“•  Uisalsi&s&  ts r  gaßam  «afl  ictwfwo— t«  asaaBima» 


Fow  Xigbt  0<mre«i  ure  ia  tsaa,  ae  foliowag 

(1)  A  5  aapara  are 

(2)  A  high  voltag«  Spark  sottroa 

(3)  A  100  satt  aareary  l*ap  (with  flltar) 

(4)  A  1000  «  «  »  »  » 

Ihssa  light  sourcas  mj  b®  uaad  «ithar  for  tha  Schliaran 
photographs  or  fcsr  tha  ißtarfaroaatar,  dapeoilng  upoa  tha 
pictura  deeirad.  Light  äouro«  3  i*  tha  ona  ordinarilj  usad  sitk 
tha  inberfarosaatar. 

Tha  uamaü  axpoaur«  tiaaa  «rat 

Light  Source  Tim  (eec) 


V50  (13  x  IS  os»  pictwa) 
1/200  (24  x  26  am.  pictura) 
10-5  te  l(Tb 
1/1000 
1/206 


(1) 

(1) 

U) 

(3) 

(4) 


Spark  llluaiaatloß  IW  tha  Sohlleraa  aathad  was-.fealig  workad 
upon  far  tha  purposa  af  high  lntanaity,  axaallaat  timlag  aal  vidth 
of  tha  ijfrule«  of  light.  Ter  instaaoa  iapulaaa  of  aoufid*  «ara 
ganaratad  ap  otraaa  of  tha  working  oroas  saotioa  la  ordsr  to 
dataraiaa  tha  taaparatora  ia  thls  ereaa  aaotlea.  (lavaa  mulm  rislbla 
with  Sohliaraa). 


SPARK  GAP 


WORKING  CROSS  SECTION 
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Jho  *aaa*ni*»»t«hf  ■  tanparafor«  1a  tharttx*  tnMl  la  " 
dlfftUnlt  Wmu»i  ^'tir  atraa*  -1 .  c  h  ,  rapidlj-at  law 
p rMwrn»  Ä»' .Mfcit  fcopafnl  «*y.i*  gat  iha  twymtuw  la  by 
■  »a*«c  ift  tha  walotity  of  aavnA  ln  th»  gaa  atraen*  Iba  aowad  «Ul 

BOT»  «Ith  t  «Bloolty  €  >  «  (»  «  fiMV  «f  2U|  *  »  Ttlooltar  nf 

emsnd)  and  th»  ttaab  tn|l  gjfrw*  th»  ratie  4/»j  atu»  aal  ratlo  mm 
b»  dbtainad  fTa*  twe  "iabllaraa"  phatafrapha  aaparatad  %  a  km 
tla»  intarfnlf  th»  am  eaold  alaa  ha  naaaurad  by  tw»  aloropboaaf 
plaaad  a  knogn  dlatanaa  apart  in  tha  atraa».  Th»  pbatagrapba  mafc 
b»  «baut  JT®  aaoan 1  axpeanraa« 

2ha  saaraa  af  aoand  eannat  ba  plaead  ln  th»  dlwargant  portian 
of  tba.noaala  baeauao  it  diaturbs  th»  fla«  of  tha  gaa«  Suparsosla 
wlhratlan  Beat  b»  uaad  ln  erdar  to  raduco  tha  diatanoa  bataaan 
auooaoalT»  m,w  trw nt»  to  a  raaaonabla  vaiu«.  fhla  nathod  baa  not 
baan  rueoaaafnl  baeauaa  too  auch  raflaetlon  of  tha  aound  oeourrad  at 
tha  throat  af  th»  nossl»,  thua  doeraaalcg  tha  Intanalty 
prchibitiaaly« 

1ha  followlng  aonroaa  hav»  baan  trladi  plaao-elootrlo  qnarta 
oryatala;  aoureaa  dapanding  ©ft  nagnato  «trictionj  and  tha  Hartnann 
ganarator,  «hieb  oonalata  of  a  oaall  noaal»  and  a  raaonatlng 
cavity.  Tha  laat  la  tha  momt  powarful. 

Xt  la  hopad  to  inproro  tha  nathod  by  ganaratlng  a  alngla  pulao 
(or  a  ahort  aaquenea  of  auch)  wlth  a  spark  gap  and  by  naasurlng  Ita 
▼alooity  wlth  two  aultably  plaead  sdcrophonaa.  1ha  diffloulty  bare 
will  Ha  ln  obtalnlng  a  auffioiantly  preclaa  «aaauremant  of  tha 
aztraaaly  amall  tlne  intarval  inrolvad.  It  haa  baan  ftrawad  by  ualng 
an  alr  raid  airta  that  aound  of  aufficient  intanalty  to  ba  pickad  up 
by  a  miarophona  oan  ba  aent  paat  tha  throat  of  a  nosala  (Saa  Raport 
MäP  11  Archiv  Nr.  66/12«) 
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J. 


fenUlwrm  of  Tlhr.tlng  ltod.1. 


!•  ■»»p»Bä«d  *t  th.  oostor  of  gr.rlty  on  •  wir»  afcloh 
««w»* jpwp»Bdl«a»r  U  tb.  «lr  atrMa.  To  th.  fcu.  la 
V»  •  #t#«l  p«later  and  th«  ■»▼•«tot«  «f  thi«  pointar  «r« 
«■mj'Kitw  hjy  thraving  lti  ihid«*  on  to  t  oontinuou«  faad  rvoordiu 
Man«. 


A  tine  aeal«  ia  autoaatloally  r«cord«d  b y  a  traca  of  th« 

50  oyel«  nalna  voltag«. 

Fra«  th«  oacillograaf  th«  following  data  can  b«  obtaln«di 
(1)  Fltehing  aonant,  (2)  noreal  forc«,  (3)  c«nt«r  of  proeaur«, 

(4)  danpipg. 

Th ««•  «r»  obtain«d  aa  a  funotion  of  th«  angl«  whicb  th© 
aodal  nak««  with  th«  alr  • traaa 

gr«at  advantag«  of  thla  aathod  1p  thet  th«  adjurtnent  and 
•llgMant  of  th«  apparatus  are  sinpl«  and  quick  and  praliminary 
raault«  «n  «tability  of  a  nodal  can  ba  obtalnad  in  a  nattar  of  10 
ainutaa  «rb«r«aa  vlth  oth«r  nathoda  it  nay  take  9  to  10  hours  c 
lhl«  ia  tha  only  aothod  of  obtaining  th«  damping. 

Furth«?  d«tall«  of  th«  Interprotation  of  the  oscillogra«a  and 
th«  calonlation  of  th«  r«a ulte  nay  ba  found  in  a  raport  by 
Dr.  Wagon«r,  datad  16/9/44,  Archiv  Nr.  150g. 
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3.  fg9J»ct  A.  Kochel 


Sopereonlc  wind  tunnel  of  100  c*  x  100  cm  working  aoction0 
Bxlt  ovoes  eeotion  renain©  conatant  and  entrance  crosa  ßection 
geta  ©maller  and  «maller  ae  th©  flach  number  incr^a«©«.  lt  w&e 
intended  to  get  to  II  ■  10„  Inat&lled  powor  57  000  kW.  Maximum 
power  neoeaeary  at  M  •  1.5  namely  10  000  kW  aotual  power  in  th© 

Jet  and  24  000  kW  for  th  compreeeora. 

3  Filter*  with  ©ach  15©  tona  of  ailica  gel  good  for  on©  hour’s 
Operation,  that  ia  780  000  kC  air .  Drying  from  12  grur.s  r*>r  kg  to 
0.5  grame  of  H20  per  kg  of  air.  Tb©  filtere  (drywra)  work 
intermittently,  ona  bring  dried  b y  th©  clean,  dry  und  warn  exhauat 
air  from  the  compreasor*,  while  th©  other  io  in  Operation. 

Tbrough  the  abßorption  of  the  H20  the  heat  of  evapora‘.icn  ia 
liberated  and  th©  air  may  b©  heated  by  25°C.  In  th©  line,  becaue© 
of  uneven  temperature  of  the  incoming  air,  a  cooling  System  to 
r^gula  .©  th©  temperature  1«  introduced  (heatir.g  o  300°C  hisc 
Intended  for  the  achiarement  of  largo  Jtfaoh  nunhers). 

After  th©  working  croes  eection  a  cooler  was  tc  be  i::ntuiled 
for  tha  oase  that  th©  air  was  preheated.  The  compresacrs  have  to 
hav©  relative iy  cool  air  ir.tako.  After  that  cor.:es  MKug« lschi ew" 

3  in  diaroater.  uf  th©«©  valvce  about  50  of  the  Be  ©re  uaod.  Had  to 
be  vacuum  tignt  against  1  ata.  Thon  throttl©  valve  (b ir  erfly  vulva) 
so  that  the  com]  ress ors  aro  not  overloaded  by  ronij.-reasi:^  air  from 
too  high  an  initial  pressure. 

Projected  ar©  7  etagus  of  conpre^s- 1(  r; . 

lat  ©tage.  4  axial  blowers  in  parallel,  ©a.'h  300  000  nt*v  hour 

( lä  rowc  of  blad«a),  compression  ra  1  i  2.8,  24  000  küV  m  30  000 

PS.  Driveu  by  two  Zwllllngafrela  f.rnhl  Turbinen  wheds). 

lluat  be  posaibl©  to  r©gulate  tho  power  of  the  drive  in  large  ranges. 
Between  4$  and  1004  lt  must  be  posaibl©  of  rogul-i iion.  2  N©edl© 

▼alve©  on  ©ach  Pelton  wheol.  About  3  000  rpir  4-  3.5-4.  An  asynchror.oua 
»otor  couid  rot  do  that. 

After  th«  firat  comprension  the  air  is  eooled  again.  Goes  ©i  her 

to  the  tunnel,  or  to  the  outslde  air,  or  t.o  the  riry^r,  or  to  t^e 

cecond  Etage). 

To  H  t  2.0  th©  first  atage  is  auffieient.  (Kochel  w©3  cm  tan 
beoauee  of  waterpower) 

2nd  gtage.  2  axial  compraaaors  &»  bei'or©,  driven  by  cne  12  \X)0  kW 

Pelton  turblne» 

(Made  by  Brown  Boveri  Cie.,  not  finiahed.  Turbin**s  ^  Ly  Skoda) 

The  second  atage  har.  the  e&me  conneoticno  us  t.l.o  i'lr&t  ^‘<ageu 
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1 JL&&1  1  axIäI  hlawa?  ©f  aactiy  tha  sana  dinanalana  ts  bafcra« 
Iiol®  eoapreaaloa  1*5  mm  Hg  t»  ?60  na  Kg). 

M  ataga  ®r»tri f'^gs  1  -*>.  •‘rwier  bacauae  air  ia  new  danaa.  (4 
r»tio  1  9  3o  150,000  per  haur „ 

tg|i,  6tb  (»  7th  at&aaa  all  ea&tr*.fugäl  eotspraasors0 
Falten  whaela.  fatal  «sf  4.500  Ml.  S&ch  ia  eonpraaaion  ratio 
«  3«  Thaoratloal  total  ls  2,400  Tor  tha  total  oompr»aeion  ratio« 
actic&lly  55© 


1*1©  «a®  naa£s  a  total  powar  of  200  kW  only.  One  naada 
«bol©  expansir«  tnatallailcn  for  tno  raaaona. 

(«)  te  «orsr  th®  »hol»  rang®  ia  1  and 

W  not  to  bar®  a  trasandous  inatellatlan  (It  ona  neadad  anly 

ona  M&ah  nasihar  ona  cauld  n»e  a  large  nach! na  of  anall  pow«r) « 

*  Indapandant  working  aaetiona  arc  loatellad« 


Hl  ®  working  aaotlon  2 
Mg  m  working  aaotioa  2 
*"  9  working  aaotlon  3 
I4  9  working  aaotlon  4 


lc4  »  *  1*4  B 

1  &  X  1  « 

0*4  »  x  0.4  a 
0.25  a  x  0#2f  a 


Ml  »  oan  u*a  all  atagaa 
■2  r  a*a  usa  all  atagaa 


J*X  ®nd  Ife  anat  ba  rua  aaperataly. 

%  aan  ba  m  arwr  tha  firat  tna  athgaa  and 
Hj  at  tha  »am®  tlaa  wvwr  tha  laat  Hvp  atagaa« 

Ha^r  othar  cossMaatien®  pactlbla« 


Xbraa  bnüäinga 

C1J  Fowar  plant 

(2)  Und  tuanal»,  warklng  aacüofid 

(3)  Dryar«. 

fha  radial  oaatpraaaer»  hava  4300  ta  9400  rpa* 

tm  big  Falte«  wbaala  har»  300  rpn  and  tha  anall  anaa  423  rpa. 

fatal  Installation,  water  powar  statten,  wind  tnanaja  anfi  pawtr 
fec'oaa  ata«  25  000  000  -  BM 

Bas.  1943  projact  atarted«  Tin»  far  conatrmotian  l£  paar. 
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fixtsnsleos  t©  th®  prasaat  suparsonio  wind  tunnals* 

At  praaazrt  meuaa  cylindar  r  750  f»3 
•  "  aphara  -  1000  *3 

Also  6  rotarjr  pistoa  puap.  (Rotatloaa  eoaprassor) 

With  thio  aggragata  ona  aehlavas  a  daration  of  tha  jai  o f  batvasn 
24  saeonds  and  38  saeonds  betwaan  Irl  and  V  *  4*4 

*t  was  intandod  to  add  thrsa  osntrifngal  blowars  wlth  vhieh  tha 
duratlon  of  tha  jat  would  hara  baan  aa  follawe0 


Dü  RATION 
OF  JET 


Dlagraa  for  oyliudar  *  apbara 

prass  nt  +  3  oantifugal  blowora.  (850  kV  eaeh) 
prasant  ins  tallation 

(oontisuou*  Operation  would  have  been  pOBslbla  for  M  3  »9)» 
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toriod«  neoovsary  for  ova  -  :;i  tlon  of  o\l  Inder  ♦  apher®  run  m 
f  «.'1 Lowst 

3  .  TIME  IN 
MINUTES 


2  3  4 


5  M 


artdi  tlc-nal  tir.v*r.uitö  <-f  Vu»  ai.tr  i  f\*±;al  blower?  is  oil  fr®e  air, 
Itiabls  "er  r^^enerat  iv©  ^  r,.»  r *  ti  c  n . 


(Th©  valv©  and  St-nc.’ui  us  ar®  net  availabl®). 


For  f ,iT*  :-i®r  detail?  of  the  axt#msion  uro^act  ?©e  Dr.  Eber1«  raport. 
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4»  Otter  fuparaonlo  wind  tum  eis  in  Geraanyi 

1)  In  Aachen  (now  in  Sonthofen  ln  the  Allgäu) 

(a)  20  cb  x  20  cb  up  lo  I  ;  1  (Wleeelsberger) 

Jet.  öf  about  5  seconda  duration. 

(b)  10  o«  X  10  ca  for  lnteraittent  Operation. 

10  soconde  Operation  up  to  1*3»  Thia  working  sectlon 
was  rote  y»t  ln  Operation. 

2)  ftdttlngan 

(a)  wind  tunnel  10  oa  x  20  oa  interalt  tont  Operation  for 
transsoni-*  reglon,  duration  not  known. 

(b)  13  oa  x  15  oa  (aupersonic) 

(c)  30  ca  x  30  ca  or  40  -i  x  4O  ci  xnteraittent  projected0 

3)  Braunecfaweljr*VoIkenrode« 

(a)  40  ca  x  40  c*  aupersonic  wind  tunnel  wl th  interalttent 
Operation.  Mo  balancee.  Onljr  pressure  dis trib.itien* 

(b)  20  ca  x  20  c«  aupersonic ,  contlmious  Operation. 

Mo  balancee. 

(c)  Tunnel  w. th  1  m  /J  circular  sectlon  for  teste  ln  the 
comi»reaslb  Le  eubaonic  regicn  um.ll  Mel.  Continuous 
cperatlon. 

(d)  Tunnel  wi  th  1  ■  x  1  n  cross  sectlon  for  auoersonio  teste 
up  to  K  t  2.  Continuous  opera 

4) 

40  x  40  ca  tunnsl  in  o^ne* ruction. 

5)  PVl  LFV 

40  x  40  c*a  tunnel  p  Tarmed , 
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5.  Reporte  of  the  WJA 


(1)  The  re  exist  on  transparent  paper  ( veil um type )  about  168 
original  r«  porta  fr  cm  1939  until  now.  A  complete  list  of  the 
reporte  iß  available  at  Kochel.  Miorofilm  also  oxists  which  ccv 
all  of  these  reports. 

(-•■)  About  eight  folders  of  ■'Professoren  Berichte"  are  in  the 
library*  These  eover  parti ally  the  theoretical  work  which  was  farined 
out  t©  th©  Prof «ßsors  at  Darmstadt  and  other  üniverelties.  (They  are 
mostly  eonceraed  with  th©  Interpretation  and  ap  -lication  of  wind- 
tunn©l  testa.  (Peenemünde  0sfc)o 

(3)  About  80  reporte  of  the  ZWB  »  Zentrale  für  wis-iensehaf t- 
liches  Berichtwesen  der  Luftfahrtforechung. 

Reports  generally  are  of  thrse  typest 

(a)  Reports  for  th«  benefit  of  other  invectlgators  or 
construction  ageneies  who  had  subcon tr&cts  froia  Peenemünde. 

(b)  Extensive  reports  on  individual  subjeets. 

(c)  Reviews  for  didactic  purposes. 
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•&ür '«iMMMg*»  #mm  **  jUitttoutta* 

WW*rm* itUiM  ^  1#;  aaparaonla  «Lad  “mj  Installation, 
-feVg-  ^  B1*»  tnlrt  *#£1  itt«  m  tha  naia  ooiantlfl«  and 


MidtnitUM 

>  «r  tha 


23i  I  .*  s*|  •  *41*  ü  tep4Mdlr  *  p«rf< 

«hi  1«a»nX  inatallatinn* 

feaetlonB  ittt»i  tha  pfffMioi  oapaaltgr  af  tha  oparatIng  aupar* 
aaniowiad  tumli. 


diMrthao  tha  larga  and  apadalljr  daaignad  aaa  itring 


3ha  purf afanaaa  «f  tha  athar  Oarnaa  anparaonlc  «lud  tnwnal 
lastgüUtlona  dliauc«!  ln  tha  Saetloa  0,  ffaile  Saotion  I 
eontaina  ealeulatlaaa  abowt  a  posalbla  ralaiqg  of  parforaanaa  tf 
tha  praaaat  wind  toanala  by  anlarging  tba  puap  aaotlon  of  tba 
plant* 


Zn  partlewlart 

Saatlon  4  atataa  tbat  Iba  praaaat  auparaonie  wind  tonnala  hawn  haaa 
eonstroatad  aapaolally  wlth  tha  ragmrd  to  tha  aatabUshli«  aa  wp- 
to-data  Installation  of  high  parfornanca  aapaclty«  It  ahoold  ha 
abla  to  naat  all  raqulraaaata  of  tha  saparaonlo  araa,  all  prahlaaa 
of  hlgh^apeect-projaotllafl  and  alrerafta  wlth  tha  top  of  aoearmoy 
attalnabla  vlthla  tha  ahorteat  tlaa. 

A  ratroapaat  on  tha  davalopaant  af  tha  Institut#  showa  ln  wbat  a 
nannar  1t  davalapad  fron  a  nara  wind  tuhnal  Installation  to  a  eoqplata 
raaaaroh  plant  inaluding  differant  laboratorlaa,  construotlon  af floss, 
work  aad  aaohlna  ehopa. 

A  aanaary  of  tha  apaolal  datalla  of  tha  wbola  Installation 
saphaalata  tha  faot  af  ita  parf ormanoa  c&paolty. 

Saotion  B  partioulara  af  tha  praaaat  oporatlig  wind  tuanala  and 
tha  additional  aqulpasnts  aa  waetzrarnaarvolra,  tha  wnoutni  punp 
aywtan  aad  Ita  powar  aupply,  tha  wir  drylng  inatallatlon  aa 
auppoaltioa  fcr  axaot  naaauronanta  ln  auparaonlc  flow.  An  addad 
aurray  aonaidara  tha  affaatiwa  work  dona  at  tha  aaaaura  ahanbara  ln ' 
aonparlaon  wlth  other  laboratorlwa  axlstlng  in  Garsany. 

Stetion  0  traata  tha  parforaanoa  oapaoity  of  tha  aaaaura  aqnlpnant 
naat  of  lt  baiog  aspaelally  daaignad  for  tha  cuparaonio  wind  tunnal 
naa.  tha  thrae  oomponant  balanea,  tha  Sohllarsnapparatua,  tha 
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lntftef«*wu*t«r  and  tu.  nethode  of  aaeaurlngthe  preesrare 
üi^ilKtUon  oa  aod«lt  of  proj«oUlM  and  aieellea  flying  at 
®*®®menl*  welocit^  aa  «oll  a a  apeelal  derieaa  aa  eleotrlo 

proaauro  diatribution  doaee,  balanoes  to  ba  Ina  tallad 
witldB  the  aodala  thaeaalvee,  and  laat'but  not  loaat  a  high 
wfeLtog*  «park  ewtfit  •  thoy  ara  all  aubjacta  of  explanation. 

twtlta  B  apaaka.of  tho  other  aupereonio  wind  tunnala  inatallat&ona 
ln  Q-ermny,  Thar*  ara  par ticul ara  aa  alzos,  ahapes  and  tho  outfltd 
and  thei?  yeablMlltiae  ara  raraalad  aa  well  aa  thair  perfemaneaa 

lt  reirälts  that  tha  WA  Installation  ahows  itself  superlor  to  all 
m\ her  Gofaan  planta  with  raapaot  of  hlghaat  velooity  at  graataat 
araaa  aaotios  of  tha  ütraaa  attainad  on  the  one  hand  and  ne&aurlng 
equipnit  and  insarted  nethods  on  tha  other. 

fl— Hea  B  finaJJLy  dlaeuseee  tha  posaiblHty  to  iaprove  tha 
perfbraaaee  of  tha  wind  tunnala  at  Kochal  b y  enlarging  tha  oaehlna 
Installation,  Aceording  to  o&lculationa  a  oontinuous  oparating  a- 
8a  nunbar  abowa  3,9  at  tha  antira  croea  eactlon  (40  x  40  oo)  would 
ba  ottalnable  aa  wall  aa  double  tha  tine  for  a  aingla  tun  in 
latoroittsnt  Operation  at  lowar  H»  nunbera  „ 

Tl**  gaJLn  af  tlae  whila  oarrying  out  long  eeriaa  of  neaeuFeaeut 
would  hw  pretty  eonaiderabla  aa  a  conaequenoe  of  tha  shortar 
pfpl  ng  period  dua  to  the  enlargad  aachlhe  aete* 


A»  Moni*  Pointe  of  View  of  tha  Efficiency  of  tha  Superaonlo  fiad 

fith  tho  davalopaant  af  air  teofruiiquee  in  Germany  ln  tha 
last  10  to  15  yeara  lt  h&d  baan  ehiefly  pro ven  that  tha  reaaarch 
stationa,  s#g*  wind  tunnala  although  they  ahow  very  good  baeie  work 
ocmld  not  keep  up  with  tha  paea  deaanded  by  tha  Gov^rnaent  or 
Indus  try«  Tha  technioal  dawalopaenta  hau  therefore  to  ba  oondueted 
on  *  »ultiple  soala  without  tha  naeaaaa ry  support  of  reaaarch  and  at 
tlass  sat-becke  could  not  ba  aYoided. 

Iban  Dr#  Hamann  (tha  origlnator  and  Dlractor  of  the  WVl)  was 
antruatad  in  1937  with  tha  construction  of  a  suparaonie  wind  tunnal 
inatallation  at  Paaneaunde  for  tha  Heeraawaffenamt,  ha  dacidad  to 
oirounwact  tbasa  ni  stäke»  aa  nuch  nr  coesible,  Sie  objact  was  to 
boild  up  an  aerodynawie-ballia fcic  reaaarch  atation  which  would  ba 
ln  tha  poalticn  to  aupply  tha  noceseary  «erodynani  c  reaaarch 
apparatua  for  tha  numeroua  daralopnanta  in  tha  aphare  of  fast  flying 
rwckat  projeetilee,  rocket  aircraft  and  other  fast  rocket  projec tilea 
«hieb  wem  already  belog  anticipatad  at  that  tiae.  In  conatmeting 
the  auparaenic  wind  tunnal  ha  placad  firat  nnd  forancet  tha  principla 
af  ** *w  tha  higbaat  paaaibla  afClciency  for  tha  Installation, 

ln  crdar  to  aa^lata  tha  nunarouadewelopaents  with  tha  graataat  nuabar 
af  aarlaa  taata« 


After  oowplation  ef  the  inatallations  ln  1939  it  prorad  to 
be  entirely  *  mtch  for  the  fest  paee  ln  the  developnent  of 
•uperaonlo  projscta,  Alaoot  all  Um  development#  of  thla  kind  1b 
Germaay  fro»  1939  to  the  end  of  the  war  in  1945  »»re  worked  out 
ln  thia  Installation.  The  aolution  of  theas  problema  was  poeaibla 
owing  to  the  faot  th&t  ln  the  oonatruotlon  of  the  aupereonle  wind 
tunnel  inet&llatlon  and  the  «easuring  appar&tua,  not  only  wer#  the 
points  of  wie»  of  eelentlfic  deaands  taken  lato  ocnsideretlon,  but 
an  unreatricted  technical  oet-up,  cf  every  tes  ting,  meaaurlng  and 
operational  devlee  of  any  great  value  waa  lastalled.  Thla  enebled 
the  aelentiete  to  puraue  their  experimenta  wlth  the  neceeaary 
concantration,  der p  resaareh  and  rapidlty  wlthout  the  lnoearenlenee 
of  laprovissd  experiaental  apparatus  or  other  dlff icultlee. 

Boreover  the  Station  was  soon  equipped  wlth  a  aeriea  of 
physlcalp  optical,  thermo-dynanic,  and.electrlc  Xaboratoriea, 
which  ie  not  the  caae  at  other  wind  tunnela  in  Germany.  ffaay  are 
oecupled  oy  Speeiallata  of  different  fecultlea  whoae  duty  1t  le  to 
develop  up- to-date  methoda  of  measuring  and  aeaauring  apparata, 
which  are  necessary  for  the  aolution  of  dlfficult  tast  problema  in 
the  eupereonlo  wind  tunnel.  A  special  designlng  office  and 
effloient  workehop  saw  to  lt  that  the  ldeas  and  su^gostions  of  the 
sclentists  on  aeaauring  technique3  were  lnroodlaioly  put  into 
technical  form,  and  ln  the  shorteat  tiaa  produced  in  a  oechanlcally 
unrestricted  manner.  For  thla  purpose  a  ränge  of  specialists 
trained  for  the  work  and  doing  work  for  the  euperaonic  wind  tunnel 
for  a  loqg  tiaef  wer«  attached  to  th©  deslgning  office  and  workshop. 

Tho  charac  teris  tica  of  the  efficiency  of  the  supersonic  wind 
tunjiel  .  r.£  i-ellation  of  the  WVA  ♦  can  be  aummed  up  as  followaj 

(1)  Greatest  alr  speed  (Mach  No.  4.4)  which  to  our  knowledge  hat 
ever  been  raached  in  Gernany  or  even  in  Europa  at  the  aase  time 

as  the  greatest  flow  :;ec.tlon  (..0  cm  x  40  ctb) 

(2)  Greatcst  veraatility  for  preparing  seien tifle  and  teohnloally 
good  inoaeuring  methode  and  devicca  for  the  aolution  of 
dlfficult  experiaental  problema. 

(3)  Research  probleaa  placed  by  the  Government  or  Inlustry  could  be 
carrled  out  in  the  qulckeat  poselble  time. 

ln  the  followlog  aectlons  a  detailed  descrl*  '  L  n  of  the  experimental 
apparatua  and  neaaurlt^  devlcee  la  glven,  which  us-e  >ieneseary  for  the 
efficiency  of  tha  Institute,  and  a  oonparlaon  wlth  other  euperaonia 
wind  tunnela  which  are  to  be  found  in  Germany. 

A  an  exaapla  of  the  efficiency  of  the  aupersonic  wind  tunnel 
Installation  of  tha  WVA  and  the  recognition  lt  recelvad,  the  fellowir** 
axanple  will  doi 

1b  tha  spring  of  1943  tha  development  of  the  rocke  t-proj  eo  tile 
"Wasserfall*  waa  oomsnoad  by  tha  RLH  at  grsat  axpenaa.  f.iia  waa 
b  flying  doTiea  to  ba  firad  froa  tha  ground  at  an  anany  bonbar, 
eon  troll  ad  ob  all  thraa  axaa  wlth  a  apaad  of  1200  ^aeo,  Aftar 
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exha  istive  teeting  by  the  repräsentatives  if  the  RLM,  t he  Research 
Council  (Forschung»  fuhrung)  and  the  Heereewaffen  it  was  establlshed 
that  in  no  ©tfaar  supersonic  wind  tunnel  (Göttinnen,  Aachen,  Brunswiok, 
Volkenroda)  could  the  extensive  and  new  kinds  of  aerodynamic 
experiaenta  dcmanded  be  carried  out  with  tha  nacassarj  versa  tili ty, 
deep  rasearoh  and  rapidity.  All  tha  aerodynamic  development  of  thaaa 
first  supersonic  rocket  aircraf t  wera  undertakah  only  by  the  W7A.  After 
about  15  months  work  the  development  was  concluded  and  all  the  set 
Problems  solved« 

B.  Efficiency  of  the  Supers  onio  Wind  Tunnel  of  the  EVA. 

(1)  teeaaurlna  Section*  and  Vacuux a  Sphäre., 

"Che  execution  of  all  the  experimental  teste  at  high  speeds 
reaulted  in  tha  eo-eelled  measuring  dlstanoe.  At  the  p2*eeent  time 
rhere  1^  ite  Operation  et  Kochel  a  measuring  distance  with  a  Jet  saotion 
of  40  cm  x  40  cm.  With  thls  speeds  with  Mach  muabers  of  0.5  te  4*4  oan 
be  obt&Ined.  ln  the  aupersonic  region  tha re  are  7  different  Laval 
notsles  with  which  the  followiog  Mach  numbers  oan  be  attainedi  1,22, 

1.56,  1.36,  2.50,  2.90,  3.24,  and  4.40.  All  the  nczsles  have  been 
calcalated  according  t©  the  Prandtl-Buscmann  prooess  for  potential 
current  and  corrected  by  eubaequent  conaideration  of  the  boundary  layer 
and  i-.i  'Jtk  the  help  of  the  Schlieren  procese  for  unrestricted  parallel 
current«.  Speed  and  pressure  distrlbutors  lie  at  the  front  of  all  the 
nozsles.  In  the  compresaible  subeonic  regier  the  speeds  with  Hach  Ho*. 

0.5  tc  0«85  er  0.90  oan  be  obtained.  With  the  vaeuum  aphere  of  750a?  at 
preaent  in  Operation  at  Kochel  the  trial  tine  in  the  supersonic  area  in 
about  15  seconde.  In  the  subeonic  regien  it  is  longer.  A  aecond  vaeuum 
Sphäre  of  1000  m3  capacity  was  likowise  to  be  erected  at  Kochel.  It  was 
transferrod  fron  Peenemünde 0  Its  completlon  was  delayed,  becauae  the 
butt  Joints  neoessary  for  riveting  the  sheet  netal  of  the  sphere  could 
not  be  proaurod  in  West  Germany  on  account  of  the  air  ralds.  They  are  with 
a  firm  In  Brackwede  near  Hanover.  With  their  arrival  (night  about  10  to) 
the  aecond  vaotnim  sphere  could  be  put  lnto  Operation  in  about  two  months * 
With  this  seccnd  vaeuum  sphere  the  teeting  time  would  be  ißereased  fron 
13  to  35  seconde  approximatelyo  lhis  i*  of  special  value  for  dlffioult 
measuring,  e.g.  pressure  distrlbutlon  measurements  at  the  higheet  Mach 
numbers. 

A  second  raeaeuri rg  section  with  a  flow  aection  of  40  cm  x  40  cm  was 
in  Operation  at  Peenemünde.  This  has  been  brought  to  Kochel,  and  its 
completlon  <  ould  coincide  with  the  completlon  of  the  seoond  vaeuum 
sphere  (about  2  months).  This  measuring  section  is  equipped  like 
the  flr3t  for  all  supersonic  speeds.  After  completlon  of  both 
measuring  strips  und  both  vaouum  ephareo,  either  one  of  the  measuring 
section  could  be  usad  with  both  vaeuum  sphsres  to  Abtei«  the  inoreased 
test  time  as  aentioned  abovw,  or  both  measuring  strips  could  be  operated 
with  separate  spheres  for  short  test  timesti 

A  third  meamuring  section  has  a  flow  section  of  13  cm  te  13  am. 

It  can  be  continuously  operated  with  the  existing  maehine  ins teile  tlens« 

It  was  already  in  Operation  at  Peenemunde  up  to  a  Mach  rrumber  of  3o3« 
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Tha  %atr*i  3jw.  i3.ng  oon&uita  and  bnlldlngs  har»  alraady  baav  pwaduoed. 

IBwy  aadd  ba  p«t  lata  oparation  ia  ataut  3  nontha9  aa  an  alrdrylng 
appajmfa»  stUl  haa  ta  b« ,  bullt,  la  this  nsaauriug  aaatian  all  basta 
shewld  b»  eenduotad  whieh  raqulra  loagar  tim  to  ebtain  tha  apaelfla 
eaaditlaaa  af  utabAXlty  (a,g,  baat  tranaforaar  taata,  praaanra 
reaovacy  ia  diffusara), 

1  foorth  nsasurlng  aaotioa  fer  stationär?  oparation  £or~ 
attaalnaait  ta  tha  Sana  mahina  iastallatioa  vaa  llkawisa  already  ia 
oparatia*  la  Faanavunda,  1t  vaa  dastreyad  duricg  tba  aorlag*  Hoaevar* 
ia  a atajrd^aoe  vlth  axparlanaa  galned  ln  tha  aaantl mm,  1t  baa  baaa 
redasigfed  aa&  could  ba  bullt  la  tha  «TA  workshop,  It  will  hava 
SMUMffabQt«  af  15  an  x  JL5  aa  and  ia  intandad  aa  a  laberatarp  veasuriqg 
£m  tha  «aulMtlon  ct  apaaial  prablaas,  not  for  tha  ooaplstion 
c t  eariaa  wm&vat%m*atm0  Zta  aonatruatioa  vaa  to  taka  plaaa  ia  a 
apaoially  aaall  taat  rao *.  Tha  öonduits  af  tha  vaeuua  apbara  had  alram^y 
baaa  laifi  tbara«  1t  ia  usaful  for  varlous  typ®«  of  problaps9  wrtioal 
aa  wall  aa  horlnostal,  Also  for  axa»pla9  iaportant  aaaauraaaata  af  tha 
jat  and  af  tha  diffuser  ara  obtalnad  in  ordar  to  werk  out  vlth  tha  baala 
taata  tha  farsi  af  tha  neaeuring  atrip.  For  tha  taata  of  hl ghar  lisch 
nuabara  1t  ia  apealally  vsouua  proofad, 

(2)  Ttm  MMhi—  Imtdlatlemc.. 

Tha  vkanui  naoaaaa tj  for  tha  generatien  of  alr  apaad  ln  tha 
neun  aphara  la  produoad  by  6  vacuuai  punpa  vlth  s  drivlrg  capacity  of 
800  kW«  To  obtaln  dlffarant  high  vaemums  tha  .punpe  oan  ba  ooiaaetad  aa 
daalrad  althar  parallal  er  bahinl  ona  anotharJ  Tba  vhola  aachina 
Installation  ln  addltien  ta  valva  oontrol  la  provided  vlth  autonatlo 
reacte  ©ontrol,  safatgr  and  vaming  davloas,  vhlch  guarantaa  graat  aas« 
ln  sarriea  whan  earrying  out  taata  and  aafaty  ln  oparation.  In  aotual 
faet  durlqg  6  years  oparation  of  tha  sanaitiva  and  ooaplax  naehlnea  na 
aarloua  daaaga  hae  baan  lnourrad*»  Ag  a  furthar  600  kV  alaotric  capacity 
ia  naeasaary  for  tha  alr  drylng  apparatua  to  ba  daaoribad  latsr9  it  la 
iwportant  that  tha  total  aapaelty  of  H00  kV  ia  obtainabla  at  all  tlnaa 
vlth  osrtainty,  ln  Koehsl  thie  capacity  could  ba  drawn  upon  at  vill9  aa 
tha  WA  haa  bullt  ita  own  tranaforaar  Station  of  100  000  to  600  volta 
for  thia  purpoaa  duroct  fron  tha  Walohanaoo  Povar  Station  and  la 
snppllad  vith  ita  eablas, 

Aotually  tha  Installation  ib  Kochel  alvaya  had  at  Ita  dlspoaal  tha 
naeassary  alaotrla  aapaelty’, 

Othar  wind  tunnela  wara  eonaldarably  ratardad  in  tha  Ir  oporationa 
hy  tha  ourrant  baing  out  off,  For  axaapla ,  diffaront  wind  tunnala  ln 
3runswlek9  Volkenroda  only  raoaivad  tha  neoessary  capacity  for  a  faw 
houra  during  tha  night.  Such  lini  tat  Ions  ara  natural  ly  vasy  raatriotiva 
for  a  plannad  taat  oparation. 
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(3)  AitJtarlog  Installation. 

Aooerding  to  extensive  tv?  u  in  1935/6  *t  the  stipersonlc  wind 
t#»wl  whi eh  Br,  Hermann  oonatrueted  nt  Aachen  it  was  fownd  th%t 
unrestriotad  neasureoents  nt  supereonie  speeda  cnn  only  to»  etirlcd 
©ut  by  vning  dry  air.  Tb»  drying  teilt  bt  oarrie*  out  ao»  »xt»n*iv»ly 
for  increaalng  Mn  eh  nunbero.  Ihn  WA  have  nt  th»ir  dispoeal  an  nir 
drjrlhg  apparatua  of  600  kV  oapacity,  'whioh  was  develop»d  npneinlly  for 
the  purpoee  of  attaining  n  high  degree  of  nir  dryness  fer  high  Mach 
nuabers  durirg  uninterrupted  tnnt  Operation».  It  in  thn  only  on» 
in  G^ranny,  Tb»  supereonie  wind  tunnnl  nt  Brunswick-Volkonrod»  witfc 
flow  eeotion  of  25  «a  x  25  ca  nnd  40  cn  x  40  ca  ponn©an©s  m  nir  drying 
apparatu»  whatsoever.  Th»  anall  nupnmonle  tunn»ln  nt  Gottlngan 
(11  en  x  13  on)  nnd  nt  Aachen  (10  en  x  10  e»)  cnn  dry  the  nir  with  n 
single  »tag»  drying  apparatu*  up  to  2g/l^,  whil»  th»  Kc»hal  inst*  Hatten 
with  2-etag»  drying  cnn  achiv»  0.2g/kgf  n  value  which  in  denanded  by 
high  te£h  nusab»r».  The  drying  lnntnllntione  in  opera tAon  nt  th»  WA 
nupply  both  largo  msasuring  snotione  nt  the  eam»  tia».  They  also 
supply  the  4th  measuring  section,  A  special  nir  arying  apparatus  in 
nseesaary  and  in  oonetruction  for  th»  third  measuring  section  with  ite 
contiisuous  Operation,  The  bull  ings  and  the  essential  aeoh&nical  and 
electrical  p&rts  are  already  avail&ble.  It  oan  be  coaplotod  ln  three 
Donths, 

(4)  Houre  of  Operation,, 

In  Peonoaundo  a e  well  as  Kochel  the  measuring  section«  were  rorked 
In  two  ehifts  in  all  about  18  to  20  hoüra.  A  survey  of  the  effielency 
of  the  Installation  glves  the  aotuel  operational  houre  of  the  wind 
tuxmel,  They  are  giv»n  as  pure  "productive"  wind  tunnel  hours  of  the 
two-shift  working  time  after  deiuction  of  all  time  taken  for  the 
setting  up  of  modele  and  measuring  apparatus,  for  »Iteration*  and  the 
preparation  of  th»  measuring  section»  of  the  operational  devlcee.  With 
the  existence  of  one  measuring  section  the  "pure  productive  wind  tunnel 
houre*  amountsd  at  Kochel  to  an  average  of  200  hcurs  per  month,  maximum 
250  houre  after  the  transfer  in  the  wlnter  1944/45.  At  thie  tim» 
difficnlt  working  conditione  »uch  as  th»  extreme  winter  cold,  the  lack 
of  beating,  blaok-out,  air  raid  warnings,  and  dlfficulty  ef  providing  for 
thos»  in  a<  tendance  at  night  have  to  be  taken  into  consideration0  iy 
«entrast,  oefore  th»  removal  abcut  500  "productive  wind  tunnel  houre "  wer» 
achlev»d  a  month  at  Poenemunde  in  the  years  1941  to '1943  uslng  3  measuring 
seotlons, 

Iber»  can  be  no  doubt  that  the  aupersonic  wind  tunnel  Installation 
©f  the  WA  with  ite  operational  assurance  and  the  nunber  of  operational 
hours  is  far  above  the  other  supereonic  wind  tunnsls  in  Goruany, 

According  to  procise  figures  of  their  installct^ons  and  methods  of  wor*clng 
only  a  fTsction  of  thss»  figures  could  be  achieved  there. 
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nade  during  the  blowing  ln  order  to  follow  intereating  phenoaena  (e,g, 
compreseion  thruata ) .  The  Schlieren  apparatua  ean  alao  be  uaed  aa 
deaired  in  both  large  measoring  aectiona  of  40  ob  x  40  ca  in  the  Bane 
teat  chanber.  It  ie  therefore  conatructed  ae  a  large  oentilever 
carrier,  00  that  in  the  most  sinple  nenne r  lt  can  be  raiaed  up  fron 
oae  turmel  with  the  crane  of  the  teat  chanber  and  find  in  the  et  har, 

For  the  »eaauring  aection  of  IS  ob  x  18  cd  in  contlnuous  Operation  a 
Schlieren  apparatua  of  30  cn  ie  provided,  the  optical  parta  for 
wh ich  are  already  awailable  at  Kochel« 

For  the  fourth  bb»11  meaeuring  aection  a  correoponding  Schlieren 
apparatue  la  likewise  in  hand« 

Schlieren  app&rata  are  likewiae  used  ln  all  other  supersonio 
wlnd-tunnele  in  Gentany«  The  extraordinary  optical  eensi  tivity  ln 
large  f leide  of  view  in  the  sane  way  ae  the  good  tenchlcal  cor.atructlon, 
which  nahes  poseible  an  exaet,  rapid  and  ccnrenient  werk,  was  conatantly 
recognlaed  without  reserve  by  the  repräsentatives  of  the  other  super- 
eonle  wind  tunnela  in  Geraaijy  in  the  personal  exchapgee  of  experienoea, 

o)  The  Int^rfsropeter« 

In  addition  to  the  Schlieren  apparatua  pn  Interferometer  hes 
been  in  u^e  aince  1943  with  a  fleld  of  view  of  9  c»  x  10  cm  (mirror 
diameter  20  ob).  A  sl^plr  apparatua  has  only  been  in  exlatence  at 
Brunswick-Volkenroda«  W1  th  the  help  of  thls  lt  1s  possible  to  propoae 
quant  tative  ernluaMone  of  the  fleld  of  density  of  the  two  dimensional 
flow.  At  AVA  for  the  first  time  an  exect  proeeea  for  the  evaluatlon 
of  rotationally  ayrsretrical  fielda  of  flow  waa  deweloped  and  brought 
into  uae  with  the  Interferometer  by  aroiding  approxlnate  Iteration 
nethoda.  Oeing  to  the  reaoval  fron  Peenemünde  to  Kochel  only  the 
practlcol  use  of  thie  procesa  was  dela$ed.  A  second  interferoaHiter 
still  »o re  3lmple  to  opera te  and  of  the  a«me  aiae  hae  been  at  thelr 
diapoaal  since  1944  ©©  that  ln  the  future  lt  would  be  possible  to  eorit 
two  maaeuring  sec  ti ons  with  an  Interferometer  at  the  aarne  tlae, 

(2)  Special  Hciauring 

In  adiition  to  the  general  meaauring  ins  Lrumenta,  which  belong 
to  the  wind-tunael  ltaelf,  the  re  ie  alao  ln  exlatence  a  rang«  of 
apeolal  neaourlng  dewloee,  which  are  either  connected  with  modele 
teated  fre®  time  to  tine,  er  are  only  uaed  in  apeolal  casea.  These  are 
for  th»  most  part  deweloped  Jn  the  labere toriee  and  deaigning  dopt,  of 
the  WVA  and  oonatructad  and  ccmpleted  ln  the  Workshops  of  the  WVA«  To 
theeo  ftolong« 

a)  Preaoure  diatrlbuUon  Btaaaurenonta. 

The  earrying  out  of  preaaure  diatrlbutlon  raeaaurenenta  on  modal« 
of  oll  klnda  (bodlea  of  projeotlles,  wtnge,  rocket  projectlleo,  and 
rocket  alroroft)  la  of  warying  lnpor  tance,  ae  only  ln  thie  reanoor  oan 
the  detail«  of  the  oourse  of  flow  on  nodela  be  a«oertatned#  and  uaod 
for  a  atttioel  oalculation  of  the  neoessary  fundaaentala  ln  dealgn. 
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ö.  ffiaakgg.  «£  th«  »»«»nrlng  lt>i«r»tu»  of  th»  W.V.t. 

U)  flawal.  aaeaElgUüaeataaa- 

•)  «riaMag-tohln«.  ' 

Wm  leset  essential  neoeurirsg  apparatue  for  the  detvraination  of 
Um  äseg»  llft  «ad  tGrqu»  or  aireraft  nodale  la  the  thm  eonponent 
helanoe.  Both  the  lergc  »eesur  tag . sec  ti  owe  of  40  «  x  40  on  flaer 
sectloa  poseeoo  a  three  cor.ponent  bal&nce  eitb  an  elaotarieal  distanoe 
iasüeatcr*  ^e  bstlanoe  representa  the  expsrlenee  of  long  yeare  af 
devalopMent»  «hieb  Or.  Hermann  began  on  slnilar  balanoee  ln  tha 
sopersoBl«  viisi  tannal  at  Aachen  1935/36.  It  ls  to  be  atrsseed  tha t 
«12  tha  parta  «f  tha  balance  are  eituated  ln  a  prat «ura-proof  ehapbar 
osed  cosex-ted  ©ntslde  oylyby  a  oabla  to  tha  elaetrlo  indloating 
Inntmeesft«  Xhe  sensitive  regions  can  be  change  b y  a  staple  crurreat 
revers&l  of  tha  elaotrleal  parta0  All  Xavers  connectiona  and  socke  ta 
aro  fix»!  with  flat  spring  *  and  Steel  band»,  with  which  a  strong 
nsdhenlcal  ^tarfovaanee  vith  great  eeneitivity  and  aocurecy  ia  craatad. 
the  ragte  of  attadr  can  be  adjuated.electricelly  fron  out»  1  da,  during 
tha  tls»  tha  snperaonie  air-current  ia  belng  blown  through  without 
©penlng  tfce  nfe&eisrlig;  chasbor^  which  r  eaulta  ln  a  consldarabla 
aeoalaration  ef  tha  Utting  e-parat&oo.  The  b&lanoe  has  proved  itaalf 
to  ha  the  hart  in  long  yaars  of  rough  axparlnant&l  oparations.  An 
essential  Ssprovenent  for  eonvenlence  ln  handling  would  ba  tha 
IntroductioKi  cf  a  llnaal  indlcator  raeording  apparatue  whloh  la  ln 
prfpantkib 

Öf  tha  othar  superaonic  wind-turmela  in  OeraAny  only  tha  a.  all 
asasnring  seetlons  cf  Gott  Ingen  and  Aachen  have  at  their  dieposal  three» 
eonponent  balancaa,  ahila  tha  larga  measuring  sec t lone  in  Brunswick» 
Volkenroda  hav»  no  three-coaponent  belance. 

b)  Schlieren  Apparatur. 

Kamy  taste  raquir«  tha  obaervation  of  »odels  movlng  in  the  air 
current  cf  tha  Observation  of  tha  flalda  -of  current,  by  neans  of  opbieal 
appara ttac;  so  that  tha  sodele  oan  be  adjuated.  For  thia  purpose  tha 
c^aeurifig  chanbar  i»  provlded  with  glase  Windows  which  aff  erd  &  ocspletely 
free  viee  in  tha  herlsontsl  dlrsctlon.  In  thia  n&nner  lt  is  posslhle  te 
mäw  flow  visible  on  its  course  through  tha  Laral  nosslea  to  tha  ßodel 
eith  Osm  belp  of  tha  Schliaran  apparatua  or  tha  Interferon» ter.  fbe 
Schlieren  apparato*  bas  a  f  iald  of  viev  of  50  ca  dianetar,  so  that  the 
flow  at  tbs  tip  and  tbs  atarn  oan  ba  obsarved  at  tha  sana  tlne  evan 
«rlth  tfe*  largaet  nodal«  (40on).  Cinet»  tographie  axpoeures  oan  also 
ba  aada  wlth  tins  lansso,  lf  tha  oooaalon  ariaes;  fbs  ashlieren 
sppnratas  «as  suppllod  by  Zeiee  (1937/38)  aeeerding  to  W?Afc  aan 
optloal  salculatlonSf  and  vaa  at  that  tina  tha  nost  aenaltlva  lnotruniBt 
that  Selas  bad  avar  aonatruetad«  Ob  tbie  taebalcal  aat»«^>  oorraspondlag 
to  tha  fribslele  of  «ffloiency  tha  great  value  of  tba  whola  »uparaonio 
IsataUatdan  ilaa.  fbs  Schlieren  apparatua  ia  eltu&ted  lancthnlsa  la 
tha  aaasarliv  ohanber  aa  «all  aa  at  tha  top  of  an  aleetrloally 
adjuatabia  nadaroarrlag^»  io  order  to  bring  avary  polat  of  tha  naasuräng 
Osr  lote  tba  eemter  of  the  flald  ef  vlav.  Adjnataent  oan  als#  ba 


I  sothod  feao  hooa  ««tM  oafc  by  tho  WdafcUh  piMU  1Ü  pro+owro 
WImi  «  woaraiitf  poiüU  ^  hi  tato»*  ah  tht  mm  tu*««  hho  rtrjltl 
«P  thmnfc  »fchojj  4**  in  c  45  oeaoadd  beet*  Iw  ttytat  «tftlj&o 
‘MaWr  ^Ufc  ftfUhlß»  f*«-.f*r  •*$ .  i  noallatoU»  £tr «BMplo  «Mit 
Uftptt#  «I  arid«  >1»*.  oä  tho  bodfafc  «ad  f&n  ot  tht  A4  Mw 
»aäteradUtoi  tfclo  faefcion.  Yb«  aoaou*i%  &o*k  wn2j  U  hy«  had  lg r 
&*y  aad  aifbt  oMf  to  nt  üai  30  t»  40  aoaharlag  »wwM  um 
rwndjp«^'  -m .  oaloalated  imln^M  boo*  3  «oothe,  ia  oo  othor 
eiferen»!#  m  OMf  hpo*  proMsro  dletributiotf 

«Miutaiifh  booa^eondaatod  ln  feahlon; 

b>  a>?aM.rrmwi  0— inf  trai- 

fM>')Mtmriii(  w  «rtWcrnry  twimiMr  «  .«#•!•  mt  *»--*•  *M< 
tnaaoX  htf&Ur.  olaottfid  pranourt  aoaoariag  haua  of  wlM 
s«aflttt&V»  «***  hun  öereloped  har  tho  «ft  «Hk  tls  ho3p  of  Prof«* 
Baotor  s*f  ihn  High  Sohnei  Xnotitute,  »rahlW  01th  tfeis  apporatMi 
inportaat  Information  hoo  hoon  galnod  eoaaerming  tho  otraotoro  and 
fcroahde#w*f  tho  ouperoonlo  flow. 

•>  fttaMMteJ 

ft*  aoafuring  of  etability  ln  alr  toohnlquee  and  balliottoo  of 
All  f lyiag  bodtaa  ha»  great  olgnifloanoe.  One  oan  gay  «itheiit 
eaagger&üea  tho  teehnical  realloatioa  of  oontrollnd  ttLgh-apeed  flyiag 
prfcl eatlAaa  or  airereft  dependa  ln  a  different  naaner  ol  tho  «er y 
prealäe  leaowledge  of  aerodynamio  atebility,  i*e«  tho  oeirtor  of  alr 
fofooo«  Per  tho  aoot  oxaot  deterslnationo  pooolbla  of  tha  oentor  of 
alr  fcreoo  for  different  ohapoo  of  bodloo  at  all  ooloeltloa  and  anglee 
of  attaofc  oOoeral  aethodo  of  m— »vertag  and  neoeurlng  derieea  haro  boon 
dooolopod  and  tootod  ovor  a  losrg  perlod  by  tho  WA«  they  are 
civplwoutod  and  odntrolled  reeiprocally*  In  addltlon  to  tho  uonal 
aoredynanic  dotomlnatlon  of  tho  oontor  of  alr  foreo  bgr  throo-ooapoaont 
aoaauring  on  fixnd  nodolo  tho  followlng  haoo  beon  spoelalXy 
dorelopod  by  tfa»  WVAs 

Stabillty  ntaaurenenta  an  nadele  oeclUatii«  freely  ln  largo 
anplltudo  «Ith  oinultaneouo  reglotratlon  ©f  tho  fadli«  ent  ovrro  of 
tho  ©oelllatlon  for  tho  rooolutlon  of  tho  contor  of  alr  forcoo#  nonont 
and  a4r  danping»  otablll^r  neaouronent  on  nodale #  »hich  are  aorablo 
around  a  flnod  rotatlon  polnt  with  rery  onall  anplltudo  lnalde  of 
■bich  lagt  dlaplaooablo  «olghta  the  arbltrary  aaohaj\ical  noaants  ean  ha 
flronu 

Stabillty  noaaureunto  on  nodola,  «hieb  are  novable  around  a 
greater  nun bar  of  arbiträr lly  changeable  turning  pointa  with  rary  aiaall 
araplltude  in  whlch  erery  turning  polnt  ia  at  the  aama  time  the  center 
of  gravlty« 

In  the  other  euperaonic  wind  tunnels  ln  Oernany  sinllar 
•tablllty  taeta  hare  not  been  earried  out  elth  auch  aoeuraey» 
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tMpfä:'*,  r-«*vrlag  <k  .  s  f«r  Me«rteiala*  wneet.  whirt  ar» 

«fe  *aa  w&m&s  &r*  th3  feal&moei  «hieb  «&>e  bullt  lato  tht  f*o*2 
ttasaelte®«  thia  1s  th*  m*%  m&  in  whleh  t©  exolud®  s&tuäl  air 
«m-mz  *a&  mmnta  Frc*  atattoaax'-y  las  trennte.  with  th®  »r-Unaa 
Upp,  4  e®  diaaster,  30-40  ©m  i©ng)  extreeriiaMpily 
iieate laatw'ssata  fron  th»  p©ln*  of  via«  *.£  dovlgs  *r*  ty**d,  9a 
Mama  th»  ©»-©alloi  apia  bai&iss«  of  teo  BF4*  Moh  rckoa  4t 
t©  reagur*  «rosata  aieng  thw  longitudinal  axäa  of  th*  bodiaa 
*•  au  «oouraoy  «f  1  «g.  ?he  reaolution  ©f  thaa«  roll  aosonta  la 
öee^säasy  with  aireraf  t  «p  ronket  prejaotilaa,  aa  th*y  appaar  «dth 
«s@:fT«5ta?i©al  mm  fcruetio»  er  duriag  f light  with  a  cid*  «lad  and  rot 
b»  WloAoed  out« 

53*  <Sooianir.  conetruetAoift  aad  testing  of  thia  balano*  toak 
atoit  *  ywur.  It  «aa  Ina tallad  with  eueoaaa  during  th*  deralopnant 
•f  th®  M  ®ad  "lasaQrfall*. 

4woh\<er  balana*  for  »‘jaauriag  tr  ."vera*  boi  nta  «hioh  la  lika- 
«lao  «eitfcmted  entlraiy  la  the  aodelaad  lndloataa  th*  aosaata  valuaa 
essteolda  «laetrlcaH/  h&a  bean  cenplataä  and  1*  ready  for  uae.  1t 
ltk*»i  i®  »&rr*a  for  et&biltiy  aeaauraaemta  aa  thos*  naa*d  under  *)• 

th®  other  «lud  tosaoela  in  Gera&ny  to  th*ir  knowladgo  posaaaa  no 
h&lanees  hallt  in  their  aodela. 

•I  ISgaMlnntlop  of  th*  Influanoa  of  th*  exhau* t  flow  of  rooket  ualti. 

Soaaa  h±£\  apeed  aireraft  or  projectil*a  are  Jet  propelled*  fba 
lafluMM»  cf  thls  caa  be  vcry  aonaiderabl*  on  aerodynaaioa,  *ap*clally 
um  th*  bwahiry  loyer*  th*  drag  and  stability.  At  tb*  WVA  experiBental 
—thftil»  war»  -o*k*d  out*  «hlch  afforded  a  r«solution  of  thia  lnflnaaoo 
ead  eoold  ha  applied  at  aqy  tin*  to  freah  probleaa.  For  thia  purpeaa 
m  tnUivf  high  preaaur*  cbamber  and  a  correaponding  high  pr*a*ur* 
ooaproaaar  4a  at  their  dlapoeai.  Correaponding  theoretioal  teata 
snpport  tha  aetual  expariiasntal  resulta. 

f)  Hieb  Tenaion  radio  Ina  Ulla  tioa. 

For  special  teste  a  high  tenaion  radio  inatallatlon  la  aTallabla« 
91  th  tbe  «Id  of  thia  rapid  photographlo  axpocur*  of  non-atationary 
proeessa*  (##g*  burbla  patha)  «era  conductad« 

With  thia  apnaratua  explosive  «avoe  oan  b*  producod,  with  thc 
belp  of  «hlch  fiaid  of  flow  ean  b*  aoannad  and  cloa*ly  dateroinad. 

Oklog  to  tha  aave  to  Kochel  thia  apparatua  haa  not  yat  ba*n  put  into 
Operation*  0pon  conatructlon  of  a  auitabla  rooa  1t  oould  btt  put  lnto 
na#; 


Mo  oth*r  auparaonlo  wind  tunnal  in  Garmajiy  haa  nt  it«  diapoaal  auoh 
*  high  tenaion  radio  inatallatlon* 


ft.  ypgMfUt  ifftrtwmr  sLMSSüu  BaasaMi  ««» &Mii 

A  lumy  ©f  the  other  •uperscnic  wind  tunnel*  in  «xlstane*  in 
Qaraany  gives  the  following  pictur** 

A  fcusfwl  ie  fituated  in  Ooitifgcan  with  flow  oecticn  Ile*  %  23  cm 
for  continuous  Operation  up  to  tseh  ntwber  3. 15.  UntiX  1943  thero  waf> 

*  iupersonio  tunnel  o t  lOon  x  1 Oe»,  up  U  Mach  So«  3  eittwiad  in 
Aachen.  A  20c»  x  20ob  tunnel  wo#  uood  only  in  the  »tibsonic  regten, 

Zn  1941/44  thn  ins tallot Ions  wer«  noved  to  Sonthofen/Allgsu  aod  at  tb# 
enrt  of  1944  wer#  not  ready  for  Operation«  The  eupereonle  trln)  tuotel 
at  Göttinnen  ns  «oll  hs  the  one  nt  Aa.’hon  hure  a  »in^lo-atogs  air 
dpylng  apparatus  at  thelr  dlsposal,  eo  that  an  lncreoee  of  the  Mach 
miftbor  le  hardly  posslblo«  Both  turmeis  rosseee  good  ihre«  coaponent 
balanees«  The  enallnees  of  tho  tunnels  n&turelly  only  pemlto  tbe 
teeting  of  correepondlnply  01r.aH  nodels  (naitely  approx.  >10  co  Icrtg 
at  Aachen  and  10»  13  cn  long  at  Gottingen),  so  that  fundanentally  only 
three  component  neasureBents  can  be  donducted,  The  executlon  of  far- 
reaching  tests,  o,g.  deUiled  presaure  die  trlfewtien  neasuresent*, 
tanpsrature  and  heat  tranefer  neasurenents  in  their  distributlon  of 
ths  Bodel*i  surfoces,  stability  neasurenents  cm  osclllatir^  eodals  or 
bullt- in  balanees,  neasufenent*  on  eeparate  otabilising  surfaeea, 
feitaBination  of  the  hinge  aonents  (Sobamlernoasnte)  of  air  rudders# 
neaaureaente,  ef  rot&tlng  projectilee  are  alnoet  lapoeslble  on  aoeonnt 
of  the  emallneee  of  the  nodels. 

At  Smnswick-ToUcenrode  there  are  tvo  suporaonlo  wind  tnmale.  Hw 
older  one  has  been  in  Operation  slnoe  1933/39.  1t  coaprloeo  a  — *»Mwf 
lnatallatipn  of  approxlnstely  800  kV  and  e  aeasurlng  aeotlon  of  40  an 
X  40  on.  flow  aeotlon  for  eentinunus  Operation  «ith  *  «aenan  dnsb«r 
• t  1000  ip,  and  thue  eorreaponds  te  tbe  large  newrarli*  eectl  on  of  the 
WA.  Beaidea  thl  lt  haa  a  neeserlng  eeetlon  of  25  an  x  25  en  witb 
oontinuous  Operation. 

Seth  neeauring  seotians  oan  reach  Mach  So.  3,although  there  are  m 
noislof  for  exaot  parallel  flow,  «hloh  er«  the  bnele  of  uareetrlcted 
neaaurenents  of  modela.  Ae  there  le  no  air  dryii«  instellation  ne 
unrestrloted  noaalas  oan  be  produoed.  Seither  Momtl  poeeeeiee  tTirn 
oenpenettt  balanees  eo  thnt  dreg,  lift  and  tnrolitf  nonentn  ceimot  be 
ntasured«  Bote  neeauring  aeetlona  were  uaed  for  e  long  tlne  for 
oorrying  out  »edel  teste  for  the  eonetruotlon  of  larger  «pparatna. 

Tbe  neuer  large  aupersonlo  wind-tunnel  at  lruxawlck*Volk»nrode 
hoa  been  ln  Operation  ainee  the  end  of  190«  It  oonaleta  of  a  »lower 
apparatus  of  9000  kV  eapaolty,  witb  the  Help  of  which  either  1  suheonio 
wind  tunnel  of  100  cn  dianeter  up  to  the  apeed  of  eound  oan  be 
operatad  er  a  aupersonlo  tunnel  with  flow  aeotlon  90  en  x  90  en  up  te 
Maok  No.  2.5.  First  line  neaaurementa  hawe  been  oonducted  up  to  ne» 
in  tbe  subaonio  tunnel,  There  were  no  exaot  auperaonie  neaalea  ln 
tho  auperaonio  wind  turmel  for  generating  an  unreatrloted  air  f low  aud 
no  threa  aoapanent  belanoe  te  oarry  out  ferne  naaeureeenta«  Hw  type 
•f  blowar  parsltted  no  lnoraaae  ef  the  Sach  «unter  atewe  l,Si  ee  that 
both  tunnala  ef  the  neuer  Ina  teile  tlon  are  only  «ui  wähle  for  leaeareh  le 


tfcs  ragi©»  of  ths  speed  of  sound» 

S«  af  tf>g_SBPtw^  Wind  Twel  ef  th* 

WA  JüT  -fetoadlag  thg  Maohint  InataUatiogs» 

fh&  eqf«yfflORle  wind  taans!»  of  tha  WVA  dessrlbod  in  Seetibns  A# 

B  and  C  ocruld  ba  eonslderahly  ine vmmeä  in  «ffieiancy  by  «xttadlig  ths 
«adating  naohine  Installation».  With  this  1t  i«  poaaibla  ts  tranofara 
tfe#  <axl8ti*5g  contijmmae  tost  Operation»  for  high  Mach  nunbsra  lat*  & 
stationär?  op&rastloa,  Ude  artension  has  already  basn  teohnleally 
planned«  Th®  eeoand  naelilne  teouse  necassary  for  thls  ocmld  not  bs 
ereciad  durisg  tha  last  sonths  on  acoount  of  ths  building  dläfisuhtles« 

S»  axtensinn  jxrovides  for-  3  radial  conpreeaors,  ths  largast  «f  whith 
hes  a  suotlon  eapeoity  efX50,000  n3/h  and  a  supply  eapaelty  af  5  kg/sbe< 
Ths  total  olsotrie  powey  ©apacity  anounta  to  21  kl« 

Tho  tvo  largost  oonpreesers  with  «läctric  aoginas  and  pawsr  am 
almady  situatad  at  K-chsl,  the  saallast  e&nnot  bs  usad  and  1s  pmcsatitgr 
at  Gottlngen«  Coopreasers  and  eqginea  har®  already  baan  aequlred«  Iba 
coost  fsr  conjstruetlon  and  naohanioal  apparata  would  aaount  t©  about 
4-00,000  HM«  ?ha  conatruetion  of  ths  aachlna  houae  eould  ba  eespleted 
in  thra©  nontbs« 

Vith  tba  axtandad  sacbine  Installation  ths  araauatioa  tiaa  ef 
botfe  ohanhers,  l«a«  tha  Intamals  between  twe  tasts,  csnld  ba 
considerabla  raduoad,  whila  tha  duration  of  aaoh  separate  tost  eeuld 
ba  oonsiderably  ineraaaad,  a«g«  with  a  Maah  nusbar  ef  ZA  tha  awmstttiaa 
casi  ba  reduoed  fron  5.7  t®  102  Minute©  and  tha  dvratloa  of  ths  tast 
inoreased  fron  38  oaaonds  ts  88  saaands«  Uth  small  Maofc^Mas«  tha  gaia* 
ara  lass,  with  higher  Sach  Nes.  tha  gains  ave  greater«  Abbfb  Mash  f(a.  9  »9 
tha  seasuring  seetlon  of  40  an  x  40  aa  flow  seetlon  1«  oarried  out  with 
a  lastlngs  stationär?  Operation«  Thia  repreeenta  an  inaraass  in 
affieleney  for  tha  WVA  of  considerabla  lsportanoe« 


Hflgfll  g 


QBWUL  MHKftt  OB  (MBU 


n«>  Tonst,  «not 


aanaral  Svg-rmy  of  iHNtA  oa  4h«  Da**l«p»«n4  «f  «atl— ■  — r«dya«al< 
■h«pM  «f  bqtlaa  «ttta  aub«onle  «ul  «upcrtoala  null«. 


1.  Hook»*  aattU«a  au»ii««. 

A.  Rocket«  i  in  etabllieed  withobt  »ing». 

B.  Vfing  bomo  and  fln  stabil  iaed  renket». 

C.  Influenae  of  the  Jet  on  th«  aerodjrnaaioe  öf  the  alMllae* 

D«  Spin  »tabiliaed  rocket«. 

a)  launched  fron  launohere 

b)  launched  fron  gune. 

2.  Prp-Iaqlhll—  (without  rocket  propul« io») 

A.  Fi®  »tabiliaed 

a)  Developnent«  Peenenunder  Pfailgeechos««. 

b)  Purther  developaants  of  “Pf ellgeacho««» " 

(The  pro J «etile«  of  the  group  II  aa  have  the  abbreriation 
PPG  -  Peenenunder  Pfeilgeeeboeee)« 

B.  8pia  stabil! ted  conreatiohal  prejeetllee. 

a)  Conrentlonal  prejectilea« 

b)  ündercallber  projectlles  (eub-caliber) 

3.  WMtoPrt  fetal.» 

Au  Rheintoohter 
B.  4  10 
Cv.  Tarne  ln 
0,  Hocbdruokptmp« 

£*  4beUraet  of  report  oa  the  3Ö  ea  rocket  aseieted  «hell. 

F.  Report  on  poseibility  of  oollng  het  gase«  froa  rocket  Jet«. 
■1#  Recent  work  of  the  WVA 

H.  Photo-« lec  trio  proxialty  fu»e  development  at  Kochel. 
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x.  testet  gaaüri 


^  <T*M*;A4gk.Ma  AtftfrUltlfl  ta  arrgw  »urf^o— * 


.  ■  >  A3,  Ar,  A 4  (nliap  *2)i  Aq| 

«fc  Äs-  JtonssrsdfapMUt,  Pnnasrfauati 


f&ifun*  PnssohftB  «• 



**s  Aj  &»*•  tha  Infantry  bullst  a#  tha  b«al*  jnrototyp».  I*lf )6  1, 

«W*  lütifil  i  Aaohen.  Probla*  **#  t#  itoUUN  4'hady  af  f  tettlTBB  «Ith 
■m  «f  wUnt  realste,-*  an)  Ha  •  0  t«  2.3,  In  «dditiom  tha  dswiaa  mut 
«c  "saFnfranmatically"  BU*r«d  through  bullt  ln  contrOla.  A«  «Bi  ftrad  4 

t#  ftboat  40O  aatari  hslght  «na  furnlahsd  tha  f lra  t  avidsnss  that  alMilN 
t^ali  An  naredy«a*ie«Xly  atahlllaad  hy  folld  f lrni,  Prsrlously  roakata  «ara 
grwimrfly  «enarssultlng  «11  or«r  tha  pl«eaa 


ffcruat  •  1500  kg,  Buratlc  s>  e«  45  »sc,  Propnllanta»  L0  <•>  5t banal  ♦  H^O. 

A3  was  lntagdad  to  ba  atabla  aubsonloally  and  ruparaonloally.  v  In  prafaaalonal 
«Sbraloa  tha  prajudlca  thnt  fia  atablliaatlsn  auparaonlcally  1«  aat  aaeibla). 

Ha  raparta  «re  «wallabla  on  A3,  but  «11  tha  rasul ta  on  A3  bawa  nsw  b  & 
oupsrssdsd.  (Charactarlatlci  P  •  1500  kg,  total  «aight  750  kg,  Tartlaal 
«aoalaratlon  lg  ).  Tha  control  darica  ln  tha  A3  «as  not  qulta  sufflslaat  and 
tha  A«  ans  tharsfors  atartad  with  battar  "Laitaark”  «.  aanifsld  cf  tha  flns, 
lapraiaiad  *stauamasahl na”  *  control-o taer tag  manifold  and  conpaasatlo«  of  tha 
epln  wklah  hae  lta  orig in  ln  tha  iaparfacticna  of  tha  c<  natruction  and  tha 
hlgfaar  ordar  (qnadrupola )  ionquea  dua  to  lataral  wind. 
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b)  A,. 


fkjrm%,9  «alght,  body  are  about  the  aarne  ae  for  A_  ( perhaya 
D  ®  iO  «ai  lnetaad  of  70  ot),  In  the  suaroar  of  1936  taa  firat  aadale  wara 
lauahad  vlthout  gyro-alaotrlc-bydraullc  staaring  (navigating)  aaahlne,  I* 
Qatober  1939  the  flret  »odala  «Ith  the  robot  pllote  wera  launahad.  (20  to 
30  taata  ln  the  yaar  1939  -  1941).  The  modela  wer«  racovarad  «Ith  doubl* 
parachutea«  Vartloal  ealling  7  im,  ränge  V  low.  All  of  the  flight  petha 
«er«  «tabl#  and  raacbad  aaxiaun  epeed  of  300  m/aao.  in  the  traoaaoni«  reg  I  on. 
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«M  -4  «UtHF  i  #  tMW».  Ja*  «MM. 

*t>  •*»  -«  *»  ths  first  gutdsd  slaslls  aitk  spseds  greatsr  thnn  tta»t  cf 
Sound« 

o)  A4  (alias  ?2) 


fa»  tastad  in  flieht  for  iha  first  tiae  ln  Jun»  1942  ln  presanos 
af  Belob*  minister  Spear.  Fjtplosicn  of  coobuatLos  charabar  ocourrad  at 
***aral  «xeter»  haight.  Octnbar  3,  194 2,  tha  first  euccassful  flieht 
was  ui*  by  an  A^  »var  a  ränge  af  250  k».  Rvsrything  vor k ad  well 
in«  lusd  Ing  ooabuatlon,  contarols,  »tabillty  atc. 

1)  The  wind  tamnel  had  as  ita  raain  probla»  tha  constructloa  and 
ta# tlng  &f  solid  atabillalng  f Ina  and  et  tha  teil  of  t ha  fl ns  saall 
aaredyn*icU  reddars» 

Ttitf  distancw  of  tha  prs saure  oanter,  which  for  siabla  f light  ls 
r  +K-.t  oanter  of  yrev lty,  is  0.3  oalibars  froa  tb«  oantsr  of  gravitgr* 


pumvm  cf*  ita 


* 


C£NTCR  OF  Q 
GRAVI  Tf  9 
QO 


A 


O 

<\1 



t 


Ma*  I.ST 


| 

|0#o C^ANfLf  OF  AT  TAO  n 
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X 


,  ~  .  '  '  1 

O.&G  I  1.2  2.  3  4-  MöU 


IlMti  tmvm  11*.^  1  eannot  ba  «nd  in  tha  wind  ttuwtft  bjuwty#  ihm  fern» 
«5»rt  «*we  of  th#  aodel  get»  raflaeted  et«  ahaok  wsp  99,$i£^  t*  .w  P&,0tiLM, 
muH»  #f  us®  tunnal  er  ac  rarafaetlea  msrvsa  ob  tSse  JjMtmKf  '  SctS&m  fi 
flanr  and  tha  eurrouodlt^  air. 


Veav  9a  •  1  tha  preaaure  oantara  ooaa  dangareuely  naar  tha  09*  I*  nafca 
e«ra  tbat  nothing  would  happen'  m%  9a  *  1*  with  t  A,  alnllar  Ä  ;a  «m 
drappad  fron  planea  fron  9000  mtara  helght  and  obaSrred  i t  thei#  ttm)»Ati*ji 
throngh  Ma  ■  1  at  about  1000  netora  altituda.  A4  flow  up  te  fi* .»  5.  mt’ji  nolnt 
whieh  eolnelded  cloaely  with  •BrasmschluB^  *  propallant  out-off f 


6U 


Seal*  aorodynaaie  problow  cf  otabilisatio»  af  th®  gai&mä,  aisallhc 


?h®  diffarwno®  b*tr®«n  th«  OQ  «ad  th«  C|jP  hm»  t®  hm  pooitlv* 

(«laliUtj)  lat  A  *  CO  -  CP  bu  to  b®  t»*ry  «»all  etborwla«  *  * 
h«®  fbö  tond®»*rtr  t®  fly  etrolght  and  cannot  b®  wilJ  atMn4t  tho  st»  «ring 
mommmmrf  boing  proportional  te  Um  dl«tan®®A  *  CO  •  CF#  flhr«A  1« 
th*  vuddor«  mm  b»  »wall  and  Um  powr  to  tarn  th®  roddor«  Mall  *0  that 
Ksaab  wtifht  «aa  b®  oavod»  Th ©A  ®«  ar®  ln  th®  ord®r  of  0,3  oallbcg®»  Th® 
ttf»  «m«  CF  and  00  a®  fanctloß  of  H®  (er  tla®,  or  «Slot®***  trav»ll®i)  h®d 
t#  he  dtotminod  wory  oxaetly.  Qoeaotrleal  «banges  had  to  b®  Introdnood  ln 
ord®r  to  uks^  ®o  eonstont  so  posaibl®  00  ®  funotion  cf  ®  and  Mo«  1%®  ohang« 
of  &  wltfc  a  and  Mo  was  warkodly  i»proY«d  as  werk  progressod  fron  th®  A 5  to  th® 
to  th®  "ffoosorfall".  For  "Ifeaoorfall*  thoy  suoeeodod  to  r®da®®  A  to  wlthln 


th®  Halt®  of  0,2  call  bar  in  th®  rang®  fron  aubeonic  to  superooni®  -.da  and 
aaglo«  of  ottaok  botwoon  2°  and  8°«  "Th®  CP  for  saallor  ahgla®  thaa  2°  oanaot 
w®ry  ®«11  he  neasured). 


(In  tho  A,  stoorlng  1®  entiroly  aceoapllcbod  by  aoans  cf  th®  gttmfclt® 
plat«  rodaors  in  tho  j«t,  which  e®as®  Operation  at  "Bromeohlw®®*.  *  pr®9»llant 
ent  aff»  Th®  ruddore  n:.  +'m  finu  ar®  lntondod  only  for  »plo  «tgblllattlon 
s  •Drall»  toaarnng") 
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(p)  Determination  of  drag  and  llft  of  tha 


The  drag  and  lift  ooefficlent«  look  m  fallovst 


\  CV( 


+  .  *.1: 



CU  •  l'  t  '"ifo  4  0  vV 
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:|  -  J  *‘--*7  e«*entlal  f  or  the  ränge  «hlle  ©L  1b  aeeential  for  the 

c.*w3tnro  inJrUi  Kurvatur«  ©f  the  orbit.  (See  the  diagras).  Th« 

3re«t*r  tho  eurr« türm  req ulred,  the  greater  nust  be  the  "llft*  .»v--*  bo  the 
rigM  dovxword)  on  i.,«  Therefore  in  the  caae  of  Wasserfall»  »her« 

e«xvatAir«5  a re  requlreri,  th«  llft  rmst  be  generated  throngh  actnal  «Inge. 


Afamt  16  jeodele  «Ith  coneiderable  Variation«  «er#  trled,  Aotuallj  the  one 
of  Um  first  nodels  «es  aotuallj  used  for  the  V  *  ki 

2 

(Mudeua  Stagnation  preesure  at  the  beglnnlng  of  the  dir«  mM  6  ata). 
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Th«  "Qleltsahl”.  CL  /  Cjj 


Th«  rtil©  o f  CL/  CD  ( lif t-drag  rmtio)  follows  fron  the  abcye  wmmm 
and  1«  applied  for  tn«  caleulmtion  o f  the  patta. 

(3)  Spin  control  with  alr  rudder«. 


It  wa®  determlned  ln  t h«  wind  tunnel  whlch  rolling  Wmmwim  ( Itarquea) 
orlgln&t«  ln  the  aayunetrie®  of  conatruotion  and  ln  the  lateral  «rinde» 
Inatruationa  «er«  given  the  constfuction  epgineer«  hew  large  inawowraal«« 
of  th«  lln«  up  of  the  fine  oould  ha  tolerated.  A  "Taat  Maaohixka"  *  auteaatle 
deviatien  aeaauring  nachine  was  bullt  whlch  autoaatieally  aec«pt«d  «r 
reje«t«d  the  bodi«a  for  the  A*.  Subeequently  ruddera  had  to  b«  bullt  wfaiflfe 
oould  ««apeneete  positive  »onSnte  with  the  anall  torquea  whleb  th«  uttedug 
aachin«  va«  abl«  to  aanage« 


Only  0-*8  th«  typ®  I  oould  be  managed,  both  for  th«  e  of  th«  aala 
body  and  th«  ruddera .  B 


^  =  Cm  la  th«  pltching  nonent) 

C  had  to  be  plotted  as  a  function  of  a  for  all  signiflcant  Mach  nunbera. 
(unly  ln  th«  ftaeaerfall  wäre  tolerated  and  compenaated  for  th«  first  tia« 
negativ«  der  where  c„  is  the  «oaent  coefficient  of  the  rudder  and  £ 

d;  *  de 

the  angl«  of  rotationa  (nobody  ha 3  es  y«t  nanagad  to  control  negativ«  a 

da 

The  nonenta  of  the  rudders  could  be  relatively  ea^ily  meaaured  ln  th« 
suporaonlc  region  by  halving  the  modal  and  Haiti ng  the  alr  strean  by  a  plate 
(s^e  eketch)  which  raade  it  po.  alble  to  le&d  out  with  rod3  whlch  transnltted 
the  turning  momenta  of  thn  rudders  to  measuring  diala. 
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j  AIR  STR  KAM 


Tot  9wh»anic  flow  the  halving  of  the  modal  and  backir^  by  a  flat  plata 
doea  not  work.  Modala  of  tha  blaactod  typ«  ehown  wäre  of  couraa  uaed 
©xxly  fcr  preaeure  —asurementa  and  not  for  drag,  llft  and  mowenta . 

^4^  Praaaure  distrlbution  over  the  A^. 


Thia  praasura  had  to  be  maasured  ln  order  to  furnlsh  tha  baaia  data 
for  tha  etraas  analyais  to  be  used  ln  the  cholce  of  the  statlo  atructure  of 
tha  A^. 

Abcmt  120  fine  drill  holes  were  used  on  the  nodel.  All  oonne^ted  with 
fi— 11  hoaaa  to  120  manometers. 

Sin—  pressure»  for  9  veloclties,  sixteen  angles  of  attack  fron 
«S°  t ©aß®  were  meaaured  four  to  flve  times  aach,  a  Sun total  of  about 
120  000  data  on  tha  pressure  dis tr ibution  was  obtained.  (For  resulta  see 
nparlal  reports  and  also  "Geschosse  ohne  ^rall"  1943,  Heft  1059/43  of 
the  Dautache  Luftfahrtakademie.)  Watch  the  very  interestipg  praaaure 
diatribjtioo  over  the  sharp  ed^e  E  on  the  rudder,  which  chsngea 


£  r 
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radi«ally  fron  th®  aubsonic  (r®latiw®ly  larg®  preaaur©  or®r  *)  fco  th® 
®nper®®iiic  flow  (about  ©quäl  prosaure  ov®r  E  and  F).  Tb®  CP  was  ®hift®d 
forwaxd  wlth  increasing  Mach  rnaaber  ln  Agreement  wlth  th®  diagram  on  pag®)« 


a)  Intagrated  pressure  dis  trlbuticr.,  (or  normal  for6«e  on  th®  axia)  ®n  fin 

atabillz®d  projeotil®. 

b)  £>aa®  diatribuUon  on  aisall©  without  firm,  whlch  clearly  demons träte®  that 
th®  f inleas  mlaail®  1s  unetabl®. 
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PTeasur®  dis  tribution  on  th®  rudder . 


S®«  report  152  on  rudd®rs  and  No.  171  on  Wasaorfall. 


(5)  Skin tempere ture  of  tha  A^.  (No.  4,  5,  14  special  reporta). 


At  first  in  1938  the  tempere  tur  es  wäre  determinad  theoretically. 
ffitli  the  wind  tunnel  in  Operation  after  1939  exact  meaaurement®  wäre  fltarted 
(•«peeially  fron  Spring  1940  when  the  air  dryers  wäre  installed),  Report 
57  eontalriß  the  exoeritr.ental  data  on  wind  tunnel  teste  of  ekln  temperaturos. 
Con©  shapod  bodiee  of  varioua  angles  wäre  ir.troduced,  as  well  as  apherea, 
disca  and  so  on.  Heat  tranafer»  were  determined  in  dependenc®  of  Ha. 

(See  also  Vol  FV.  of  the  Handbuch  der  Experimentalphysik,  Busemann,  p.  443). 
(No  infogrn!  er.ergy-rsdiatlon  balance  was  n&de  for  the  A^). 

Q 

~Trv  *  Problem:  To  determine  the  heat 

j  cm.  ~~  Q  which  ia  tranaferred  fron  the 

gae  to  the  body  per  cm2  aecond. 

_ _  Secondly:  Wbat  ia  the  temperatur® 

of  the  akin? 

~  ^Grenzschicht  s  boundary  layer 
^Bl  "  Blech temperatur  «  skin  temperatur®. 

If  a  ■  heat  tranafer  per  secord  and  cra^  at  a  given  point  P  at  a 
diatance  fron  the  leading  edge  and  A.  is  the  heat  conductiwity,  then  Noaaelt'a 
number 


Nu  r  f  (Ma,  R)  -  _f<_d_ 


as  a  functler«  of  Ku-*h  number  Ma  and  Reynold's  number  was  plotted. 

After  the  above  curves  wer«  established  the  skin  tempere tureß  were 
caicnl&red  f'm  in«  w.ucle  oroit.  (Only  one  point  P  on  the  skin  was 
calcu-A  led ,  anero  tr.e  tempere  ture  was  estiraated  to  be  the  highest). 


The  same  procedure  was 
applied  to  different  typee 
of  orbite  and  different  types 
of  bodies. 


2D 


4)  fsXtwu 


&  p  ISO  ca,  D  *  3»r  Frobla»  *«»  to  TiM  £%&  Mal fold  not  1« fear  ^SNui 
tfe»  oMüsastlon  ofeaster  (thls  pwraly  for  cottwwnlsaed  'jbdwuri^I:  AfrrtjtiTy) 
StabUl  ty  ap  to  M  -  3,  6  aas  raqulred«  In  addltiea  taabllng  £a 

*h»»  tha  sptn  fraquanoy  «ad  ths  fraquenoy  of  pitch  actio«  er  jro»  i wp&on.ora 
st^aal)  msi  b«  ©liminatad.  Solutions  Fla«  ara  intantipnally  ahfpfcd>a  *s 
to  aake  tha  epin  fraquanoy  tan  tlas«  that  cf  tir  fraqwaaoy  ef  tfc»  •fetPIaUeji 
abovt  tha  two  short  (syioBstrieal)  axa»  af  tba  «fcllipaajld  af  Inartg**  ÄS 
prablan  «äs  not  really  brought  to  «  suoooaaful  Cbrnftuslon« 


a)  Puppe han. 


&s  forerunner  to  Panserschrack.  Original  oallbar  was  5  es;  aas 
Inoreased  luter.  The  wind  tunncb  worked  assan%4ally  on  tha  fla  WHlfiK 
(  x  Loli  werk)  for  the  stabil  1  za  tion  of  ths  mlesila  whleh  had  ««- 4, »/:. .  |  v 
ran^e  e.“  2:00  a  and  spead  of  250  V»«c.  (üsad  by  ths  liirantryftOi.  £ 
fron  aiaootfc  tubes).  The  davelopaent  of  Puppehan  was  «ttaaptaS 'imh  «gpitfyad^a 
spead  Bbich  would  have  been  reaohod  if  tha  aisalla  had  baen  fJLrod-ftaMft  p  placa» 
Tlils  dsrslopBsnt  was  not  finlshsd.  Basic  difficaltgr  ls  that  tha  is  ata  ua*t 
extaad  bayood  ths  body  as  it  ls  posaibla  with  rookatf  whioto  ab**  Xxämdl Md» 

I«  apita  «f  tha  fast  that  a  dosan  shapad  war«  triad  n^aa  waaf*m«t  whltefc 
raaalnad  ««dar  aquilibrluB  angle s  of  attack.of  «bout  S°* 

Motiaa  mb  bA 


d  *  const 


V 


Interfereor*  .  f  ;ie  bt  vxndarv  lny*>r  with  Lha  flns  ie  diaturbing  espeslally 
wher\  ther«  iß  fl  l'.i. of  a*  tank  as  ths  sketoh  «howa. 
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M  1.66 


Psntaftfskrtick  wiiich  1a  t.he  f Lniahod  product.  battd  on  th*  Pupp^ftQ  Vtt# 
fiyefl  trom  a  tut»,  whila  the  aiailar  Panaarfauat  ua  firad  fr  ob  a  alaaT*. 
(Ä0  fl  ns  of  tha  Panaarfaust  wara  foldad  int©  an  Onbralla).  Slaava  n« 
bald  hgr  fcba  oparator. 


Pans»rfauat 


n 
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B.  Wi*g  born  and  arrow  (fin)  atabil-lied  roc/nte 


a)  Weeeerfall. 


First  wieg  born  eis eile  to  fiy  stably  with  subsonic,  transsonic  and 
supereonic  speeds  up  to  M  *-w2,  5.  (Wae  actus lly  inlended  forM  «  3,/  Four 
»Inge  were  necessary  in  Order  to  alle»  raanoavenng  of  the  Wasserfall  in  all 
direetlons  and  position».  At  first  wings  and  fins  wer«  45°  out  ci'  yru *ee 
becausw  it  was  thought  that  ln  this  way  the  inoaersion  of  the  rud  (ers  in  the 
tralling  Vortex  Street  eould  be  awoided.  This  proved  to  be  wrong  for  large 
angles  of  attack  for  which  the  arrangenent  cf  wings  and  fins  ldentical  ln 
spsu»,  shoulder  angle  and  total  aurface  area  was  shown  to  be  awtpe  adwantageous  . 
Subeonlcally  15°angle  of  attack  wae  neeessary  while  eupersonieally  8C  was 
required«  The  aale  difference  between  A j  and  Wasserfall  is  f er 
Wasserfall  aA  *  CO  -  CP  ftwro  point  at  the  noaftle  (Heck))  was  achiewed  which 
as  a  fuoction  of  Ma  is  aln-ost  gonatar.t  fron  0  to  2,  0,3  i-..  Mittelwert. 

The  final  shaped  for  the  Wasserfall  was  based  on  the  experlenoes  galnod  with 
24  eodels  which  were  tested  in  .  the  wind  tunnel*. 

C-,j  and  were  eeasured  as  a  function  of  Maoh's  nunber  for  both  posl  tione 
where  the  wings  Ile  in  and  noraal  to  the  plane  of  t&ngent  to  erbit  and  axis 
of  alesile  and  the  eaee  where  the  wings  aubtend  angles  of  45° to  this  plane, 
Swrprisingly  Cd  and  Cj,  for  both  positiena  wer#  alaoet  the  same. 

The  lift  eoefficlent  for  the  Wasserfall  is  about  ^OJL  larger  than  that 
of  the  ki»  The  Cn'»  are  also  about  in  the  saoe  pronortlon.  Coneequently 
the  drag-lift  ratlo  ia  about  the  sa»e  for  the  and  the  Wasserfall,  The 
latter  therefore  is  no  better  ^lidor  than  the  Ay  ,  bnt  becaus e  of  ite  higher 

IgjwwträaL^ft. g^gp»r-jwg»g« 

de. 

A ^  wi*h f'jt  f 1  :<n  =  ^.0 


k  wi ■ :»  '\  t 

.  ---  --  =  10,  ) 


eCls  deflned  ln  radi&ns. 

°L  =  Uft 

5  .  P8 

where  pa  •  and  S  «W  P2/7,  with  these  data  about  30  rudders  were  tried  and 

oalettlated. 


^  'rn*r«dder  angi«. 

\  1 

Plottad  w an  *  agairust  q 
1«  crder  u»  get  an  Idee  of 
tha  actio  ne  of  the  rudder 
control  on  tha  angle  of 
.  Ä  Ä  attack  «C  of  tha  «1  Bellas 

(for  tortjTia  free  poeitiona  of  tha  Missile).  All  ourve«  ar*  plo t.ted  with 
tha  tffteh  wmter  aa  a  paraawtar.  *ith  increasing  Mach  ntabar  (■  «  0,6 
7^  *#▼}  tha  a*«1*  «for  giv«n*fl  dropa  by  about  60*.  Coatrallability  of 
tha  aisalle  with  inere&aing  Mach  nuaber  therefor«  decreaeea.  Wlth^  s  l^l 
tha  sraquirad  *ax1ku*  c  of  l5°for  aubaonic  apaad  and  8°for  auparaanlc  sp aad  can 
4«at  ba  «ohiewed.  \y 

Pa»  tha  ereeeed  poaitlon  of  tha  winga  and  fine  X\  tha  eurre»  fl  ( 'n  ) 
baaoaa  auch  As  to  alle*  In  bcbo  casee  t*o  vsluas  of  «  for  a  glres  7  ah Ich  reeans 
that  tha re  i*  also  a  polnt  £2L-  .  0  of  inetability  thrcugh  ahich  tha  Missile 


mj  ha  throem  fron  tha  first  a  to  tha  eacond  a.  Problaa  wna  to  ahape  tha 
fins  and  winga  ae>  that  the  point  of  inatabillty  wculd  fall  outaide  of  tha 
Military  required  ränge  of  angle 9. 


r.orodynaDlcslly  tha  vertieft!  paths  and  the  lengast  patha  rare  aiMlysed. 
*ei&  ult.i?no*9]y  galdpui  In  t,wo  directiona.  i  1 ,  2) 


Flow  through  tha 
critlcal  reglon  to 
euperaonic  apaad  withont 
any  difficulty. 


StOTteMHBty-.Ior  .fo* 

a)  Mlth  25°axcrraion  of  tha  ruddar  an  ejccureior»  of  t.he  body  aust 
raault  of  15c  at  subaonio  apaad  and  6°  at  supersonle  apaad« 

£)  total  Ti-  rmnl  Integra ted  forca  ha <3  to  ba  lass  than  ona  Metrie 
ton  (otherwiee  conatructlon  would  hava  baan  too  heavy). 

Y)  &  2°  dafleetlon  of  tha  four  ruddar«  in  "awaatioa"  eonfigurati  on 
■ust  eoapenaata  for  all  aplna  orlglnatlng  ln  the  aaywnetry  of 
eonstructlon  and  lateral  wind.  Final  ahapaa  adopted  w#ra  Rl2, 
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*23  <n*d«r  31J-.  *«p*Bding  «t  tfc»  «apBoltgr  tf  th« 




*X«S„ 


!ü^ 


75$  ©f  th«  «urfac«  of  Bjj 
«Mat«  on  the  rudder«  «®# 


2*  For  d«tail«d  dlflcuealon  ef  tbe 
Wegenor 9 «  r#port  Jte.  165« 


Fwrth«r  derelopaset  r*e  tried  «rlth  dcnAX«  rndder«  (aeeortli«  t«  tfc« 
Fletfenor  id«e)  t«  r^inoe  th«  hing«  aoMQtc  as  far  «•  pedelbl«.  Fif>l  rygs 
tried  t«  «aty  fix  th«  eiadliary  rudder  vhil«  th®  aale  rudder  f«ll«wid  fr««ly« 
It  taraed  out  that  exonrsions  of  th«  auxiliary  rudder  lnflu*ne«d  th«  aaln 
«sdd^p  laue  and  l«ae  as  th»  fartrard  «paed  iitcr«ae«d,  «•  that  ffei«  typ«  of 
raddaar  is  Bot  proaii®iö§.  Th«  r«qulromnt  of  stabil!  tj  ln  th«  «abs«nl«  reg  Ion 
«akes  th«  rudder  toc  «tablo  ln  th«  aupersooie  rang«. 


Saoond  atteapl  «as  te  har«  auxiliary  rudder  and  naln  vuddsr  eoupled 
(  *  oonst. } •  ( Thi®  was  in  th«  first  d«velopaeat  «tag«)* 


(cf  ,383  •  °»  f  V  *  •  ». 


dca 

On«  asust  try  to  arold  negativ«  3 —  .  In  order  to  oonv«ai«ntIy  ooapar« 
th«  different  rudders  the  nuaeriönl  raluee  of  S  and  D  are  talcan  ae  thos«  of 
ths  projectlle  rather  than  ae  thos«  of  th«  ruddera  (a«  lt  1«  done  ln  the 
aerodynanic*  of  air plane« ) . 

Th»  final  aolution  eeeaed  to  b®  lndloat«d  by  a  perf ormtad  rudder  «f  tha 
fullowlng  typ«  (about  th o  *&me  ela«  ae  R32  and  on®  oallb«r  Xoog). 
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Äs  pressure  pMk  at  (1)  ls  presuaably  eounler  balanced  (ln  lts 
an  the  torqua  «round  the  axle)  by  a  na»  pressure  peak  «t  ( 2 )# 


Skinbeaperatur©  ©f  Wasserfall  1«  180°C  whlle  the  bourrfary  lay©r  gete  t© 


*>)  BmlaBieirt-_sr  R-Draoben. 

Racket  fr  ob  plana  tx>  plana  and  500  n/eec.  D  21  am  L  *  10  D. 
ätallar  t©  Wasserfall,  exoept  for  t»o  wings  1 ns tead  of  four.  Was  analysed 
onlgr  theore tloally  bafore  it  actually  fle».  was  not  aotually  usad. 

e)  Forcrmuars  of  A.,,  end  At<. 

«)  Glider  A^  (Fln  projectile  x  TloosengeschoB  A^). 

Derelcpaent.  started  1940.  The  prograa  was  to  take  the  body  of  Ay  ae 
lt  was  and  to  attaoh  wings  for  the  purpose  of  Inrreaslng  the  ränge  fr&« 

270  km  to  450  kn.  Total  weight  of  yropellants  and  of  the  »arhead  were  to 
reitain  the  saae  es  for  .  Ute  following  baslo  deslgna  *<  re  lntestigated 


r . '  \ 


/ 


A 


N*-- 


'  \  .:  .7 


AXIS  OF  ROTATION 
OF  INC  RU  ODER 
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Krou  Mio  aoalrsis  cf  the  famlllos  of  orblts  th«  following  rosult« 
wer©  obtained. 

Lf  ona  Ittu.'ic hets  Ui*  ml  ifilie  (orblt  I  in  eketohj  vurtimJly  up  to 
"B/•öunsohiuH,,  •  laiit  c.ut-off  anri  transf orms  «11  oi  r.'.a  avaii«M* 

Chemical  «nnr^y  int«  potential  antir^y,  tha  raiceU«  filea  »r>  a  p«ak  (aku1 
-1  1  «ui»)  at  whlf'h  Ua  ilt'ivel!.;  o f  ;iio  air  1«  t*>c  hida il  to  Support  . 

Iba  :itl.i6iin  tliarnfi-ra  falls  rapidly  and  tha  orblt,  uffi  1 1  ü  *  oe  wt  iiout 
n.'hLav.ng  a  lar^a  ra  ge.  All  nihnr  lnltinl  «ii^lob'y  « t.  br«vi  u->  -  re 
*ilao  «^.-juined  ar«t  Uia  roBulUn^  orblts  analvied.  l  »,  naa  f oun-l  tunt  tu  •  ;-M  t 
roachl  n*'  a  loillty  of  ^0  km  nae  moat  u  lvfciU^ouua  arid  theure  Ll  r-u,  1  .  y  ava  n 

ran^ö  of  4"0  -  MA)  km.  !b«  original  ca  lculaMmu-  wer*  all  uia.lo  »im  a^atlnod 

llfb-drag  ratlo  A  for  a:baonic  flu*  and  «^4  for  ttuparaonl  r  flow).  l’.hl  r 

11  ln  akatch  nohnum  tlcal ly  illuatrates  the  hast.  .  jfei*  tlona.  ;bl«  orbi  1  wu« 
cali'ula  ’-od  *1  th  ilft-djrng  rutloi.  u.'tually  -1*,  n^-*  ln  ub«  «?':1  ’im  «1. 

(A.;  it.c< Ti-.-ra 1  «d  tlio  first  de.-.i^n  for  s«ip.**rtc -ui <*  *»lr  f  ll  aart.oiiS 

an«i  t Iro  1  i r.-t  : u  n;  1  t«st.a  un  such  aonC..  uh,  «l.ik  <«  «r  eiTa 1 1  war  iha 

firat.  otiJö<- f  ti>  f 1  «»  t  hr.-u^h  ».be  oriti--«!  v^loc4.  -y  re^i.  i  *;  r.h  "»iri^p). 


I  1 .  -  i  -\  bj 


x  •  Braor.«  oh  Inas  %  prupallant  cu  ?.-of  f 
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Varloutft  ahap®e  of  th«  «Inge  w©r«  nu  foilowai 


’k 

45“  ' 


A 


A 


j  .  «io  «u,  ::  ,.j  ■  o  A,  (  V .  ,t  ‘  n*  na  u.-.©  uf  higher  Llft-r:r*g  r«rio.  Hl« 

‘ '  ta :  ar©n  f  -  ..  «*i~«  n>*  ut  C_  34  TT  1>  /4  whloh  la  hbou’.  the  .loubl« 

as  ***»•  ‘f  t-:  -  •  »*  -  >  ha-*  !*»r*  w.nge  at«i  t'our  f  Ina  |«  'fh©  1  Tifirov-MDtiit. 

<>f  V  i2c  over  V. ttinuit  if>f  oi-  4(l  »tm  nd  fitior  ul  rang«.  V]^,.  «r«a  'Ji® 
l>«bt  :nod«)  *s  rar  a?»  litt,  irsg  Patio  1»  noitficrno  1  hu  t.  h-i  1  W*!-.'-a#6  Ui© 

ee:iU>r  of  j.!  jaPuie  inr,v«rt  back  rnr-ra  t.han  «me  D  lYura  Ui©  aub*oj!lc  »'low  f©  Lh© 
au^arssonlc  flu®.  In  nrlar  ro  allow  !  h«  atoerln*,  mechar.  1  sm  i-o  .1:  ;.roi  tho 

»•*’»<»  r  uria  a.*l  t.-ruu«  a!  su|.*>ra*.fl  r  H|K-Wia  !  >.  «.,;j  l..to;.!©d  *o  flau«  M* 
CF  all  -  tly  ln  fr  nt  .,f  d,  for  a-ibami:.-  j. 

W«xt  aOilel  (bejit.  /.ly  t.f  A..  *as  n  V  .  - 

r 


Th©  total  w:ng  aiuTao«  (.Ins  Uj©  lina  w  >a  8.1ß  I)  /4.  (For  th©  Vj'>c  wo  hu«i 
»>.  J4  ff  I*  To.  Uo  »leg-»  *u«l  l^ür,  L)  for  tlia  flna  wtiich  aiao  on  clbut« 

4  4 

t©  th©  llf t; . 

Thia  nodal  la  all  r-njmi  twr!  &«»1  iann<t  b®  ua©d  alnce  1 1.  la  charac  «rl  a«*l  hy 
\njor  llft-drag  ratl«»  nr^.  largo  rn  ■tlon  of  Hi®  CP  wl  .h  Mach  unnl>ar.  C./C^  la 
lower  Uxan  for  th©  V,  -.c.  (MotK.ii  >»f  CP  fn-m  nmall  ’u  l*r,'®  M’n  Ta  2% 
fcr.jtiL«r  thar.  for  lli® 
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14E 


VL4f  U  *  litt!»  wer*«  t hau  hft  refasd  lifV*drp*  ***i©. 

(  *5,6  wwbaonifc,  «9*6  auparaoado)* 

Tb»  paeitlon  #f  tht  ü'ir  wm«  *a»n  dapon&ent  09  tt&ah  M«r» 

4a  »ja*  *aÄ  *4  »Ui  *»r»  tw  Äth  *(*, 

4id  npt  ivpro**  th*  lifWrog  ratia*  {$frTf*$r  i&ttrmlmiim) . 


*9  =  A4k. 


i~  Vi2o  TOS  ta),*n  *•  U>*  '*,l*  U  »Urt  froB.  fli»  pr«bl«a  ms  ** 
l»*v»  th»  lift-drag  ratior,  as  tt  was  but  to  «vold  t ha  aomrat  feg  CP. 

Ppt  tMa  (af  tar  l£  ysare  of  werk)  tha  «xparlonoa*  gatborod  1«  %h*  davtdcpwaa* 
of  ft&^werfall  wäre  availabla .  ihe  CP  taug  to  hava  as  flxad  a  laaatlon^ui 
poaaifel«  and  CQ  -  CP  had  to  be  lass  then  «  eartaln  anount  glvan  by  tba  follavtqg 
requlremantt 

FcrVx  «  25°  (mddar  angla)  , — *»  a  m  8°  in  tha  auparsonia  r^Lag* 

Xslka  in  Wasserfall  tha  fixing  of  th«  CP  was  aoaonpliahad  by  trapaseld 
of  tha  ving.  In  ganaral  tha  higbaat  praostarag  arv  dlstribatsd  a«  fglj 
(ahadod  ar*as)s 
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Süft  SONIC 


tUPCASONlC 


■■da« 


süosonic 


ü«  ^55J?c - 

r»«rd  only  for  tha  iu$a9penie 


that  tha  CP  Imarkad  by  x)  is  nt-rlug  fc 
fle»  «hleh  «akeS  for  lass  dependence  of  tha  Iccatlon  of  CP 

rtbeleaa  CP  (aubaonic)  -  CP  (aupareonic)^  0f6  D  »hieb  lea  JAttU 
taa  aäah«  Lifi-drag  ratio  was  6  and  4  roapactivaly  aubaanioalSjr  a«0 
auperaoaically  (Bo  change  aa  eonpared  «lth  V12c).  laa  lnUnded  ta  rednee 
tba  D  to  0.2  D,  but  tha  ruddar  machina  could  handlt  0*6  D  Mtioa« 
Aboufc  14  interaediate  shapas  wara  trlad. 


Wr/SHA) 


(r  »  Flügal,  L  =  Uitmsrk,  1  »  »dar,  i  -  Aggregat  ) 


sheuJLä  fcaxe  bean  tha  final  fora«  For  thia  lt  «aa 

CP  (euheonie)  -  CP  (aupareonlc)  s  0,4 —►0,6  raapaetlTalj  for 

a  «  13^-b-0°,  Sine«  tha  «Inga  in  thia  nodal  ara  a «aller  ln  th«  tjjfl 

tha  liffc-dr&g  ration  dacraaaad  by  1QC  about  and  wae  4.8  for  ■  a  0,84  and 

1,7  fer  E  *>  1,09»  00  •  CP  la  not  yat  knowa  baoauae  tha  bonatructlo»  «ngiaeara 

had  net  furnisbed  tha  data.  For  A9  an  inateblllty  U  K  of  c  ■  5°  would  hare 
bean  telerated. 


Fer  tha  ruddare  tha  aana  typea  wäre  uaad  aa  in  Ha  saarfall  aacaapt 

for  eartain  ohangaa  in  di«enalon  to  oonforn  with  tha  different  ai*e  of  tha 

89. 


One  doTiea  ^Baatari"  -»a-  :  lown,  vhich  «aa  conooatad  of  a  regulär  kt 
plne  «Inga  walded  on,  ln  order  to  determlna  ho«  tha  «Inga  pass  through  tha 
rag  Ion  II  •  1. 

Conpariaon  valuaa  of  op 


a9  _ 

- aOSÖ 

) 

aubaonio 

**- 

— «  o,u> 

II  -  0,6 

*9  — 

- *~<*D  *  0,39) 

) 

superaonie 

A4  - 

- ►  ■'P  -  C  Ti) 

M  -  1,86 
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Additional  renarkt 


Üth  largo  span  of  tha  vlngo  1t  ls  diffleult  to  ksep  tha  CP  ralatlTaly 
flxsd  «ith  c Karting  1.  Ona  tharafors  is  forosd  to  sdopt  snall  Spans  and 
aaerlflea  iom  of  tha  "glidabillty1*  of  th»nlMlla* 

C«  Xaflusnoc  of  tba  jat  on  tha  Jat  on  tba  asrod/naalos  of  tha  misst las. 
ssssssssssssssssssssssssssssssssss*tsssssssssssrssssrsssü'*;sss»sstt3ws»5sss«s 

(l)  Subeoaio  ragion. 


Bxparlasnts  war#  tri  ad  onlj  on  aodals  of  A^  and  A^  • 


FEED  PRESSURE  FÜR  JET  IS 
6  AT Ü  --  6  ATM.  GAUGE. 


"Labyrinth  Dichtung"  -  Hase  laak  for  tha  axoass  alr  aaoaping  fron  tha 
faad  baba  P  was  usad  ln  ordar  to  hass  tha  nodal  fraelj  noaabla  around  a 
▼artlaal  axl*. 

Tha  praaoura  distributlon  oaar  tha  surfaea  was  datarnlnad  with  tba  halp 
of  anall  ho las  and  attaohad  pressure  gaugas  along  slx  asridl&ns»  A  typioal 
prassura  Distribution  along  a  maridian  ls  as  follovsi 
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Veto  t&f  »light  pccitiT®  proaatsr®  at  tho  tall  (Indikation  ot  tho  ooniltloht 
mild  f sr  *  tho  idial  flov)« 

13»  gaooo  aro  aatrainod  thrc^gh  the  Jot  »Ith  roimltiaf  gywiir  «oder 
pro— wo  Touatloo)  at  th®  tall  end  of  tho  Igaorood  t.djr*  »last  %OtAl  tL» 
paoltio»  proooaro  ©t  tho  oos®  and  tho  nogativo  prooOtor*  at  tho  teil'  oontrlhato 
poaltitely  to  ön#  tho  Jot  abich  onhsneoa  tho  raetlon  ©rar'  tho  tall  oaatrllmte* 

•a  S>o 

(2)  frp-jfonlc  rotftoa. 
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P0  c  4  ■■  Hg. 

po/Po  ^  60  eorraapoodlng  tr  M  •  5,3< 


TW  layar  at  tha  Uil  iaaroaao«  witfc  ferward  apaad.  «Ith  tha 

Jot  es  it  groM  thlokar  yet  with  tüo  r*«tult  that  higher  praaaura  1#  hellt 
qp  ***»  thf  $ai4  seotlon.  Af  the  axgls  of  divergent»  f  of  th*  J«t  laeraaaaa 
vith  4M**etag  exfcen»l  praaaur«*  tha  housdapy  layar  growe  and  tha  praaaura 
os  tha  tall  Ancraaaac,,  reaultlng  l»  a  dooraaa«  of  Cj>  of  thc  whole  body. 


Ac0 


0.2 


o.i 


A4  -  MODEL  INFLÜENCE 
ÖF  JET  ON  Co. 

(AN6LES  OF  ATTACK  OF  LESS  THAH  1 0 *) 


\ 
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Th«  a«hMl  path»  of  th«  A ^  wer«  not  actually  analyaad  for  th«  influens«  of 
J«t  o®  Cp  of  th«  «hol«  aisall«.  Lift  oo«ffiei«nt  «Ith  th«  J«t  «er«  not 
ffoterainad. 


Imrastigation«  of  stablllty  «Ith  j«t. 


*». 

:r::  Th«  o«nt«r  of  prooaur«  «a»  di»plaoed  hgr  0.5  &  toward«  th»  teil  «h«n  th« 
J«t  «•»  «tartad.  Th«  missile  con»«qu«ntly  baoöm»  «er«  «tabla  {iu)o  lh« 
laear««»«  i  »tability  m  cheoked  through  ohMmtlon  of  th«  ooeillatioia»  of 
th«  aod«l  «lthout  j«t  and  «Ith  Jet. 


F«r  tte  J«t  «nly  M  «  1„5  «as  :ia«d.  No  oth(»r  oas««  «er«  i  irres  tigated  ln  th« 
«ind  Umtel« 


D*  dpi»  »t»bilia«d  rocket». 


4t)  L«unch«d  fron  launcher«. 


T«  th«««  belong  the  following  rocket»,  DOV  proj«otll«  (Do  •  Donb«rg«r), 
15  mm  ”«arfgrajttt«”,  21  cm  •*Wurfgr«n•t••^ 
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l£  Geraan/  all  of  thaaa  rocketa  mm'  solid  propeillanta  fcr  thelr 
prftpulaloiu  (Buaratlon  ^  1  to  2  aaccmda). 


m 

tunael  irrvea  tig&tions  of  lif  t,  drag  and  pitching  »oaants  warm 
T*adim  D  •  15  CB  and  La  6  D. 


JET 


$  -  wru-towd  v»..-  :•  •  "«t  tai •  rdor  to  achieva  greater  frag»entatIon 

a;sd  d.n»:rv.  ’.  :  lon  f  *„r.?  aar  ;h  *  s  rurfaca. 

Deflnitaticn  of  -.oei'fi  ierit  of  stabllity 

kc* 

whora 

SI  *  *  1^»  *  2  5465  ifb* 

Mri  Vp  s  parlpfaeral  Teloclty 

0Q  2  tha  forward  spaod  af,  tbe  OG 
p  s  danalty  of  air 

c*4ät<vWi — }«=o 

la  tba  "««rodynami  ?ehar  Stabil ltitabaiwart" 
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*.  diat&nee  GG  -  CF 


L 

1^  »  «ob® nt  of  inortin  around  a  ahort  axia  of  aysmetry. 


**  »  Boeent  of  intertls  around  long  axia  aywaetry. 
®  *  e&liber 


m  s.  nuaber  of  rovolatiora  of  projeetlle  per  ainute. 


Froa  «xporiance  in  externa 1  balliatlea  lt  «aa  found  that  If 


&  l  1.3 


then  tte  projeotile  (without  fina  and  «rings)  flies  atably. 

If  0^4  1,3  thea  the  projeetlle  tuablea  ör  becomas  totally  unatable« 
StffiMJJLtgr  up  to  M  0,3  ia  usually  relatlwely  easily  attainable.  Through 
St  1  tha  atability  la  often  lost.  Aotually  atability  through  Mal  oonld 
aöfc  be  ach!  «red  «rith  tho  dsnigns  used  so  far. 

15  sn  Wurfgranate. 


Iba  lannched  out  of  a  anooth  tubo.  D  s  15  cm  L  =  6,5  D«  Tho 
»eaning  of  all  of  tbe  work  in  tha  rin#  tunnel  waa  to  deternine  0^,  Oq  and 
Aoi:  fnnetion  of  M  froa  0,6  to  1,86  in  Order  to  de t« reine  fron  the  requlred 
ieaqwalitjy#*^  1,3  the  naeesaary  spin  for  atabillaation,  «rfaere  by  thig  apin 
vaa  to  be  generated  by  proper  lnclination  of  tho  Jet  exhauat  noaslea  (which 
wäre  arranged  on  a  ring)* 

21  an  Wurfgranate  4 2  1/5»  7. 
sa*^sasssr==s==s«rss=ri r  rrcs 

Le  5,7  D*  Rocket  maß  in  devalopeent  waa  tested  in  the  ränge  0,56  ^ 
V<rl936«  Mole  1b  were  1  :  6  to  tho  full  acalo  projectlle.  Ia  wind  tunnel 

teet  C&  Lp.  wer«  deter'  ■!  nod  and  again  fron»  the  requirement  1,3  the 

n «eesaary  aplr  for  stable  flieht  «raß  calculated.  Raaentially  the  ratlo 
UG  «  peripheral  veloclty/forward  re loci ty  must  be  deternlned  and  then 
erated  through  the  lnclination  of  the  Jets  which  are  arranged  on  *  ring. 


The  derelopnsnt  cf  the  ro^kate  «ras  in  the  haoda  of  Wa  Prüf  11  a 
Heereewaf f omnt  -  Frfifw«.-ietJ 


M*  MtiUPI  %fc3i  MAlta#  IfffllX 


•OUtebUlMMi 

btelte 

Ml  BlilttfilMr  iY  TTT« 

Mter"teltte9 

•MS# 

ITÜit  UtfTIltKt  fhftt" 

•v*te3%K 

V6.1A  ateix**  1ä  tb# 
MMN  Bö  not*  m»  4«a»kott  ttetf* 
after  10  te  15  teebod# 


(*"  T*r_  «* 

'  **•  «* 
d*  nd*  iw) 


WARHCAO 


•SOLID  PROPCUAWT  CfUWUME 


II  C*Ui*r  2t  o»,  l  *  5,34  S,  »inU  «Uttigr 
1  aft#r  Um  tvUtleud  /  1  im  Oiflptrtooa  |# 

dm#  na<w  reatet  j  U  *p pliad  Ü  ,  mtiou»  di*  s  .  Uif  <" 

em  «te  iBollMiUob  *t  tte  prajtettl*  *t  t&.teteat  *f  teaiitea« 
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Mwriw  Fang«  of  th#  2#  m-  aftail 
1»  «Wt  60  km  «Ithout  addlticmal 
rr^ulhlon  am«  60  km  «Ith  «ddlttaa«} 
P*^Wl*lott.  Thl»  ,  «gnt  that  «ha 
praj«tfttl«k  l«  «tahlmv  ifar  to&i 
atabllisad  roakmaa  tho  OP  U  il 
..  Ä  front  of  th«  QO.  Pur  atttortl» 

*J?5  ***\??**  for  arro«  atmhUlaad  rooketa  «  UthVli  a  ^ 
«J»L4hU  har  Dm«  *ham  aa  mgati««. 

JJNai-.thl«  it  foXlmna  ttct  tha  athhültgr  tf  fin  »wh  roitom  J— mahAy- 

«1Ä  lhsreaaing  )A{wfcUa  th«  ataMUtap  «P  apiaatabUiaad  mkttt^CiSiaaM 
^€th‘  Irnnraat j  ttf  airbana  ta&caa  M  I  i«  .D^my  nma  tha-  awr»  intfca 

u*#mt  UiSamgh  tha  iaatabiUtyaOght  ln  jAnaipia  h»  *•*&**&  th*»«* 
— Ia*  lang«  apin,  thi.  «olutta* toitwlSr  Sa  ^ 

larahly  larga). 


ah  «ftUfr  tha  aantrtfngal  atroaaaa  toääaaa  Inhalt 


Praatlaal  laportance  of  Lh«  determlnation  of  C~* 


fhls  baeoaae  clear  fron  an  Invea tlgatiog  of  thraa  dlffarapt  aalibar 
Xuqrtk  «f  th«  D  s  15  ci  «hall«.  Maaaured  L  •  4, 122  D;  5,916  Df  6,434  &• 
1ha  aurraapondlcg  ooafficlenta  of  stabillty  for  th«  miaal«  rslooitif  «ara 
(*  -  2,5). 


O*  5,35;  1,68;  1,15. 

Ihm  last  «hall  tharafora  1«  lnatabl«.  For  I  -  1,56 

tha  arnlmaa  «sra 


Cf  -  4,32;  1,24;  0,94. 

fhirafar*  0fn  lf  th«  projeatll«  ia  stahl«  at  th«  «uatla  ««loaltj,  thla 
•UhUltjr  ia  last  lat«r  an. 
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Trelbaplagel-Oeacho#««  alt  ft-Antrieb  (f  ;  p  •  H). 
a*3«ss»*s«5ssrrrc*s5s=sszss=srrss=3ss22s=sssss=r2 

ttlUAUtB»  Trwibeplegel  •  »L*  n  J*ac 

Tr«ibring  -  ;irr->  -r  *n  nJeev«  or  ring, 

EtdgSÜ&l  T«p»R-G *aen©a*  SO/'?.  lYojwkf !  1«  w  -  ton»), 

Thi«  jvejaetll«  i0  fired  fron  a  gun  of  SO  cm  Iruwrdlmmtar  and  52  «a 
diaaeter  o f  the  «hall,  which  i»  «pin  stahllis«d.  (Th«  gtm  wo«  «t!i«d 
1  l«r  kht»  Oo«tairN  «ml  wa*  u««d  ln  th«  boabardatnt  of  Sebaat«p«lv 
Q«n  ma  als©  «all«d  ■Dora") 

VodLght  «f  tfc»  proj«etll«  war  not  glrea  to  tfta»  wind  tuna»l  invaatigator 

Vrm 1  tb«  *Sch«ere  Goat««"  w*r«  fir«d  both  tb«  regulär  eaiibjr  prejeetlle 
of  SO  «adlaaetar  «od  1 ha  elender  proj«eUl«  of  52  ea  dlaneter«  ifc»  normal 
prejoctll«  am  L  a  376  ea  long,  «hll«  th«  wlmndmr  proj«otll«  i«  264  am  lci*# 

Apprexiaately  th«  rang»«  of  th«  proj«atll«a  warm 

^  60  Ich  for  th«  ooraal  e«llb«r  (4  ton«) 

40  In  ■  "  haavj  noml  "  (V  ;  7  ton«) 

?  ka  "  ■  «lenrier  "  (W  1,5  ton«) 

Waight  «f  ncraal  proj«otll«  7,0  tone  for  «log«  parpo«««,  with  n  mag«  «f 
•hont  40  kn?  For  th«  52  en  ca  über  »holl,  «Ith  4  ton«  «olght,  th«  rang«  ea« 
«bout  SO  kn??  th«  7  ton«  «holl  had  690  n/»ec.  »ussle  «eloclty. 

Th«  94üu  gnn  oarrlag«  «m  auppoeed  to  b«  outflttoä  «Ith  tao  buh,  om  So 
cm  and  on«  52  ca. 

übe  latter  ans  lnt«nd«d  for  nasal«  welocity  1270  ^««o.  (th«  «xtrn  ft^oelnt 
propnlslon  na«  only  int«nd«d,  bat  not  aataaUy  exeeuted). 

(Tbo  D«r«  warn  nt  lost  n mmr  Hi  Her»  leben  n«ar  Magdeburg) . 

Th«  «nd  «pln  engl«  had  not  been  fixed  by  Krupp.  The  wind  umnal 
1©T»« tiga tione  therefore  eoncemed  thanselTea  with  •  rang«  of  lp/tl <>. 

F«T  ^1,3  «nd  0O  r  840  «/sec.  it  wu»t  be 

<f  =  HT'V  h  -  -r  22*. 

Thi •  angl«  rtu»  ln  general  betwewri  arxl  7°  beeaaae  the  0G  fron  projeotile 
t«  projeetile  doe  not  Change  mich. 

with  0o  =  1100  m/aac.S  •  6°  13« 

U0  .  1460  n/saojf  m  5°  57* 

Th«  «pln  «tablliaed  under  callber  projeetile  had  the  following  «ad  «pln 
engl««. 


637 


*  640  m/—t,  (  »  6°  43*  (Op  r*f«r«  U  tte 

üo  *  nÖ°  */—<>•  &*  &  22»  perlplerj  cf  t fei 

®C  *  V**©r  |  •  5°  34»  projcctilc.) 

CJM4  MC*  dlflf>r4«M(  *«tipct)* 


r^%  tl*  jr,  4toie*  4$&v  :l*:  th**pln  to  tht  projectile  «Kilo  tl» 

•Imp  vi*t  «*£&*  «w  «b#  >i6Uttu 

Cf  psl«r  POJLsqttar« r  t*»  \mSen»Ufo<y  frycjeetlle «  iß«>*  3  ^0  ^  *  <J  » 

5*  Uq 

*fcl>  '  1  wferldmklj  great«?  tbaii  thc  MpUtf  ftlocitor  i*>of  tfcc  mn»! 

**>;#•«*&*). 


//.//// /  "j  S/s//  /ssss/s  /SssS///sS  / />/,  ssssjs/y. 
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svr  r  .i*iws  voolft« 


a.  Dcralepmata  at  Kochel« 


Derelopasnt  starte  in  the  fall  of  1939» 


The  firn  "Stahlwerk*  Röchling"  in  Völklingen  at  the  Saar  had  a 
"LanggaschoB"  of  h  e  20  D.  Ihey  had  the  -  Intention  to  stabil!  se  *>»<■ 
projectile  by  «stad  up  flexible  fies  which  wäre  held  in  the  folded 


Position  bar  «  sleere  which  was  jettisoned  at  the  nasale.  (Photograph* 
exist)  na«  all  right  vp  to  1  3  1,5 ,  but  at  higher  M's  the  fln  a haste  befim 

to  f lütter  and  break  off« 

(The  "HanggaschoB*  was  deeeloped  for 
Penetration  of  reinforoed  concreto) 


As  "VollgeachoB"  (ealiber  of  gun  and  Shell  the  eaae)  the  projectile  was  ouly 
teetad  as  a  nodal  which  aerved  es  a  prototypa  for  the  under  gallber 
projectile)« 


On  the  exaet  charaeterlstlcs  lnterrogate  Dr.  Folta  Ba  Prdf  1« 

Example*  Gun  oalihar  32  ca.  Projectile  D~20  ca 
Kuasle  eeleoity>^- 500  a/sec. 

Penetration  10  n  reinforoed  concreto, 
and  40  n  aarth« 


G  9  Ga«  chaaber 

fllled  wlth  conbuatlan 
gases,  kicke  off  the 
sleeww  S« 
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Tfcft  «fcsll  $  a*  klok»d  btok  by  &U«Qt«d  high  pr*a&*r*  gmßmm  mm  io« 

*•  **  Wt  t h»  sussl«.  «vi  gulding  ring  »Im  f«ll«fr.  Th« 

*f  th*  proj«etll«  mi  of  hlghly  Pi»  1  (al-tta  »*•*!). 


gMfrfti  teÜ22BS5l«. 

Th«  fvad«Mit«l  iäm  mm  to  r»plac«  €&•  CUxibl«  f  in«  byaalld  flat« 

_  *J***<»JÜr  ^  >***  **“  fl«xibl«  fln«  , ««ad  b«  and«  l«**«*  tfcan 

D»  whÜÄ.  Ihj  #«114  finawltfa  diavater  D,  wrm  bot  »uffiolant  t«  ataMlis« 
«  **•*•*«£*  Äw^Tiar«  V*jrsehl«bal«i t*«rk  «  fln*  «hieb  w«  wabl« 
taL<Hsi«y«*  «n  introdnoad  by  luravag/  Th«  followli«  akatcb««  1  Uw  träte 
«fc»  «temOnjWHii. 


VERS  CHIEBEL  El  TW  ERK 
IN  TUGHT 


«40 


X»  •  *  y)  th»  -fia»  «er»  »ttaohad  to  a  eliding  sl^n  vhicb  was  thron* 

hMtam»4»  »ad  th»  pr»*iura  dietributioft  got  a  largar  lerer  agalaat  CG 
th*»  atabiliait*  th»  proJ»ctil». 

th»  hast  ida»  *u  not  to  uae  worsbla  fine  but  to  weld  th»n  ln  place  (3) 
ent  t»  »»»paropulslon  prop  T« 

(n 

IZZx  G  


XZeNT«I£RP|NG 


t  g  Sriibsapfe*.  1»  neeeaeary  bedeute  th»  flns  wuat  b»  of  light  conatruction 
U  pniBfc--»»t  t©  dieplao»  th»  CG  beekward». 

tb»  ja»»*».  arr*fi*»w»nt  wa»  firad  fron  D™  ■  7,5  ca  an  Dprojaetile  -  *»3  c». 
JWit  war»'  th»  f üf»t  teeta  whleh  deaonatrated  that  th«  ortnciple  of  selid  fine  i» 
m  guar»  13  kB  «hieb  1»  30$  bot»  than  th»  full  calih^r  rrr*1c»tlla 

«f  th»  da»» -  hä»») • 

th»  mx%  davelopwent  wa a  »s  foliewat 
(4)  ÖPfihfloaaen.  PPG/F  (1941  «pring) 

\  Basic  requlremntsi  CG  aa  fhr  forward  as  posBifcle. 

\  CP  a»  far  back  aa  poealbi». 

ArrangCtaant  3)  had  too  »uoh  aas»  in  T  (whleh  wa» 

13%  of  th»  total  waigbt)  and  whleh  had  t»  b» 
aec«lerat»d  uaalaaaly.  It  waa  ther»for»  triad  to 
pu»b  againat  th»  fina  directly  although  a»  w»  har» 

•aid,  lt  leoked  at  first  sight,  that  th»  fina  vould 
be  too  wmk  to  take  up  tb»  thruat.  Tb»  »traa»  aoaljala 
of  a  j»at  atrong  enough  conatruction  of  th»  fina  erd  tba 
Shell  caalqg  ehowed  that  with  aufflclently  s  ror^  fina 
on»  oould  ju»t  wa  nage  to  ke«p  the  CG  far  »nought  in  front 
t»  tM0W0  »tabilitj.  Th»  statin  »afaty  faotor  on  th»  fina  waa  about  20%.  Tb» 
•iabllltj  wAa  als»  Just  sufficlent.  - 

.ffigLwplfti  Projaetila  for  the  28  <ae  Elsa nbahi^aachdts  15  *  Railweygwn« 

Projectile  D  •  18  ca  L  « 

W  •  »aight  250  kg  in  fllgnt.  Warhead  10%  of  W  «hiqh  i»  alweye  abewt  th» 

«aa»  fw  large  projeetlies.  Waight  of  auxlllary  propule Ion  gadgets 
«  25  kf  (Oiak,  hlaeva  etc).  (Ihm®  new  derelopaenta  war#  laa»  for 
penetrstiog  power,  but  »or»  for  inorsaead  rang».  Tb»  Langg»acboB  i» 
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•traaaod  tb«  scat  on  lapact  whil«  th«  praaantly  dUeoaa«d  projaattla#  tr« 
straaaad  th«  *ost  on  firing). 

S«ml  Frcjaotila  ß  -  28  on, 

«aigbt  is  f light  ;  250  kg. 

]Uag«  s  60  kn  for  th«  cattrtntionnl  apln  atablllaadproJactiLa. 

MbbbU  «aloclty  m  1120  m/wme. 

Btago  *  90  k«  for  tha  f ln  «tabiHsod  ah«U 
fturla  valoaltjr  «  1150  ^a«o. 

.  -*  ««»8  po«pdU  charg»  tu  naed  for  both  »aaly  180  ♦  190  kg* 

Rahvw^palvar  (Diglakol-Pul«»r?  lgnltod  ln  «wrloua  pl«o«>). 

A  0,2  0. 

Ifc®  tlworetieally  calculatod  rang«  waa  Tery  «xactly  raaofcod  ls  jpraetl««. 

Hw  damrtatioa  «u  only  het«««B  0,5  kn  and  1  ks. 

All  th«««  deralopoanta  wer«  int«ad«d  for  asooth  gua  barr«la.  Hw  aotnal 
ahootlng  lad  tob«  do3i«  wt  th  riflad  barr«l«  «hink  fa«t  ±m**m*lj  addod  to 
th«  diffleultloa  alnce  th«  propuleion  dlao  and  ring  had.  to  b«  t«tt  «xaactly 
«orfcod  ls  Order  to  allo«  thea  to  rotat«  frooly  arotnd  th«  projoatJJ*  asA  on 
th«  oarfao«  of  th«  fins.  Abotrt  10jt  of  the  apln  «aa  na^frtholaaa  tranndttod 
%m  th«  prejoetll*  «hll«  901  of  th«  apln  goneratad  by  tho  rifllng  «aa  takan 
fey  th«  propulalon  diac. 

c«nt«rlng  ring  alao  uaod. 


Projmlaion  diec  rotatlng  againat  tha  attaobad  dis*» 

C  w  oan torlng  oyllxadar  attaehod  to  projeotll«.  P  ■ 
PülaarBattar  whlch  burnt  off  and  liboratad  th«  dis« 
is  ob  tb«  projeotila,  Tha  borning  off  «aa  aohiaoad  tqr 
•  poodar  charg«  «aaMohod  batvaen  F  and  dlsa« 
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(ifc*  Um  nf  nadaranliber  projactllea  ie  wry  ^  nay*©  Jflrgjiy] 
(  5)  ffeilgeacboB  nlt  Tfraihring  PFQ/fe  (fall  of  1%$), 


Sahana  4)  bad  dien  and  ring  which  all  addad  t*  tha  daa4 

Zm  daanlepnant  5)  Convention*!  barrala  withoutrl fllhg  mm 

I»  »«fern  4)  tha  tfaruat.had  t*  be  appliadai  tha  t*Unt£e*lMdMbd 
bM *T  »itb  reeul  tlag  dlaplace— »  of  tha  00  baok**rda4  fl*  Us  tftiignf— 
la  ta  applythe  thruat  ln  a  nare  flrward  paaltletu  Ifaer*  ftü  ** 

optima  folnt  or  ragten  of  tha  applieatlon  ef  tha  ihr  t  froa  tlte  U*U*4? 
of  nili.1i—  atraaaaa  and  nost  adrantageone  locatloa  af  tha  .00» 


SOFT  IRON  COMB  WHICH  PROWDg$  G  RI  WO  IN« 
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S*Un  tk«t  with  tha  appllcation  of  tha  thrua^  Ir  aobana  2)  ta  ' «i— t- 
atTCt»  1 m  lovarad.  Both  preesnra  and  taaaicn  me*  ganaeartad« 

I*  ••••  4)  tha  galn  was  aarodYtmaia. 

la  «laa  5)  tha  galn  ia  both  aarbdjutaia  and  ia. total  «alght  baaaupa  aaallar 
atraaaaa  taw  ta  ba  takan  oara  of ; 

StT .£gp  ^oppad  ta  about.  1/3*  Thia  aada  p*a#i*U  «  reductia*  of  tha 
••Mpfe  balmr  that  af  tha  mahml  projaa’tLU/frc*  230  1«  ta  125  hg  ahiah 


Untarkallber  -  Oatarttaaaa  *  oaftehoB» 

Thls  %m  flrad  fr©*  tha  railaay  gun  K5  «Ith  a  aeaaala  «aloeity  af  14#0  a/aao« 
and  aahtaaad  a  rang»  of 


131  kn  («Ith  230  kg  povdar  charga)* 

«ba  final  «aloelty  ü«  (Zielj[  ia  about  800  */aac. 

OonbnatioB  praaaura  4000  at®.  lnataad  of  tha  uaually  adalsaabl«  3000  ata0 
1  tapasfeion  «aa  m&xlnun  300  *  latarally. 

Longitudinal  disperslon 


5-io  km  i  ?? 


Longitudinal  disperslon  caraiot  ba  dlscuaaad  yst  baaauaa  it  depands  on  tha 
pvaelaion  of  tha  rli^g,  the  poadar  charg#  ata.  Tha  davalopnant  waa  not  far 
anough  advanead  to  gat  gool  atatlstical  data  on  longitodiaal  dlapaarsioBo 

Iba  raqulrsaenta  war#  raduead  to  135  ka  rang#  fcor  taotiaal  raaaana^  baaauaa 
ona  aanfcad  to  usa  tha  projectilaa.  About  8Cj£  of  tha  na»  projootlla# 
arriaad  at  tha  targat.  Battery  at  Ahrwatlar  in  dar  Slfbl  sudvaatHak  «o* 
mrgaU  in  th«  srutharn  part  of  Balgiu*.  Tba  gjualopaant  «aa  *at 
adaanoad  aaoagh  to  draw  ary  final  eoooluaiona« 

Tba  fl  na  «ara  of  tan  daaagad  fcy  tha  axploaioft,  fllght  baaaaa  arratla. 
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Therafora  a  atar  shapad 
propuls Ion  diac  was  u »ad, 
«Mia  f ha  fin  span  au«  n^0  D 


In  tha  chanber  C  at  tha 
bagiming  ls  unter  praaaura 
vhioh  keap#  tha  atarllka  diaa 
by  fu otion  an  tha  proiaatila« 

Tha  diso  ia  thue  aocalaratad 
with  tha  projectila. 

Gaa  laaks  a low ly  lato  Cf 
afcleh  aftar  aadt  fron  tha  aunala 
kicks  tha  diac  off. 


-RIS  FOR  STRENQTHENINO  THE  PROPULSION  DlSK. 


Bann  tkis  dawalopnant  was  not  yet  full  proof  since  orüy  80%  of  tha  shota 
firad  war#  good. 


VarachlalB  daa  Rohres  «  rcar  and  teer  of  the  barrel. 


aiwilar  to  tha  Paria  gun  cf  the  last  wer  Id  war. 

^  a  railway  gun  of  21  cm  ca  über  and  a  ränge  of  120  -  124  kn  and  2  ■ 

116  kg»  (Paria  gun  was  ataiionary  gun).  Powder  oharg«  /v  350  kg»  kunber 
of  ronaia  •  100  befora  tha  gun  became  usalaaa  (Spin  stabilisad  projectila). 
Barrel  «f  tha  X12  w<Lß  34  n  loog.  1500  ata.  -  Total  weight  af  gun  300  tona.- 
Waight  C  Jti.  ~  200  tona  and  20  natara  leng  j  Charge  250  kg;  vaight  af 

projaotila  HO  kg  -  anooth  tuba  •  ranga  of  130  to  135  kn  and  paaaibla  aunbar 
of  ahota  ahout  500.  Thaaa  data  reprasent  oautioua  estlnatas»  »  Gasanar 
thinka  tarnt  150  kn  nnd  1000  shota  should  ba  poaaibla  af ter  straanllnl^  tha 
g«Re 

Tha  fallawing  calibars  wäre  intandnd  for  tha  E5 

1)  MW  150  kB.  «^„,,1.  .  HO' kf 

2)  rang#  100  kn  V  »  200  -  210  kg 

3)  ränge  60  kn  W  *  350  -  400  kg 

F«f  tha  »Langer  Gustav»  tha  followiqg  projectilea  war#  intaniad» 
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t)  *****  250  kn  f«  5Q0  kM 

mn$ß  150  ka  V  x  1000  kg 
J|  gongt  m  km  W  »  2000  kg 

%  nt  th«  "hangtr  0 40  *  Ifagv 

feofocflat»  iollar  ot  tha  grupp  works  c»l  t hm  daralopatnt  aan  «f  thoaa 
hM«x|ai*o 


jawfiafc  Cg  oa^ig,  »u^rf% 

Stsnial  tplakgarat"  thet  1«  «1,  4  airdrai*  gun  et  10,5  m  callbar  «Ith 
n  prajaottla  et  7,5  kg  flieht  «aight.  Mftsalt  Talocity  of  1070  a/aae#  vu 
oktal  aad  «Ith  *  ehaabar  praoaura  of  p.  *  2700  -  2000  ata,  and  poodar  eharza 
®f  4  ta  4,5  k*. 

(5i#  I«mi-ÄbEBDitSü^  dar  glattan  Roh?«  war  »oroofci  cksnd*  klain  *»  tha  :*aar  and 
-»«r  cf  'ha  barrol  »ao  frightaningly  saall).  Actually  tha  barral  seaaad  to 
ahPiDK  »iighUy.  Ordln&ry  anti-aircraft  gun  io  gcrod  for  4000  ma!i,  Par 
lio«  r^i  -vy  round»  tha  saooih  tuba  aould  havc  hcan  gcod  for  00a  dot#  not  fax*, 
Dispersion  was  about  lc/c  latarally  and  longitudinally.  Salntlr«  aaJLiberaj 
caliber  of  gun  10,5  ca,  cslibar  of  projactila  «  4,5  ca  and  t  /xx  80  au 


TraffmiörßchatÄliohkalt  «  Probability  of  hitting  th«  targot  lnereasoa  «Ith 
th«  iiwma  thikd  pomer  of  tha  Um  of  f  light, 

Xublankampf  is  th«  axptft  in  thls  11b»)  • 

m*am  m$  $fet  fattaving  gebaut« 


fl pojö*$JÜ&»  ff  400  «  500  graa*  «arhäad  and  iapaet  fuaa. 

th*  §UJS ^wöuld  haw»  had  th«  parfornanca  of  tha  12,8  ca  Flak  gun* 
imttligiU  At&bftliaad  pro  ja« tila  «o»ld  bau«  bean  te  g  26  kgi  UL  1000 
W9n*+t  p««iar  ohgrga  14  hi»  fiha  of  f light  t©  10  000  a.  Froblan  «u  ta 
m4*ia  the  tterwnl  8,8  ob  projabtlla  by  a  undarcaliber  projactila  firad  fron 
(#'V*gay  g*  (12,8  t  -  and  latar  H5  ca  gtm  of  aqual  «  U  */2  ©f  tha  prajactila 
Anal«), 


f^ü  of  flltfrt  to  8  k»  of  tha  8,8  «anomal  projactila  «aa  32  sao*  «84  of  tha 
wstepoalAtear  8,8  qn  projactila  8hbt  fron  tha  12,8  aa  gun  it  «aa  8  «ta.  (Powdar 
foul*  Um,,  aa  great  in  tha  cacond  mee).  (gatiaat*  of  tha  railo 
Of  falgfct  «f  tha  too  guhs  ptrfcapa  1,5  te  1),\  (Thla  ia  «ary  rarp  «noaftaih  to 
«hp  aaa  at  loohal). 

htlfil  dhprh*  it  «M  tharafora  44  tlaaa  battar. 


fha  baaia  ahaspotaris tl ea  of  tha  projaotad  gun  vara 


1] 

2 

i, 

4] 


tnmtr  wymX  ta  tfcat  of  tha  12,8  o«  gua 
Kn  «arriaga  aqual  to  that  of  tha  10,5  oa  gua 
Valght  agml  that  of  tha  noraal  8,8  ca  projaotlla. 

Jhtssls  «alocitgr  /w  1500  m/z  ie*  as  conparad  vith  tha  aussla  «oloeltp 
et  850  n/eee»  for  tha  noraal  spin  stabilisad  8,8  oa  projaotlla« 
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Prastiaallr  tko  tanrerwBant  in  munbar  of  feit«  would  probably  ha««  t,+m 
abowi  U  mim* 

T*m  «Kli-C&mf’t  ahall  bad  nc  propolaion  dlao  bat  ouly  jxropttlaion  ringt 

Ai  tovtiMmatat  mm  f or«w*iag*  .t*  ga  to  tha  front  aitfl  lAa  in  thlnk  it 
«*l|  W  %  Mt«  *  tr  w«dm^  d&ffariba«« 

'  "\U  hr«i«»Ul*  for  «laatrlo  oanaom 


•Ithar  battaWlaa  fcr  «o?£*  m arabar« 
tie.  Abont  800  /^aa.  sasaia  Talacity 
«ae  «btainad  pltfc  aallhar«  aff  0  •  5  «u 


A  projaotlla  fc©d«l  waa  daaigaad 
for  1b»  «laatrio  gut, 


(7) 


rwtlMl  (traadlM )  ®f  fl»  /tUblllud  ah.Ha. 


Th»  idaa  1»  to  fir«  aisultanaoualy  aangr  aaaU  projactilaa  fron  a  gm. 

Th«  aase  «hieb  ozm  ha»  with  a  larg»  prajaetll»  was  to  ba  aubdlwldad  lato  aany 
parta  M  ai  to  produoe  a  »hot  gun  effact.  All  arrow  atabiliaad  prajaatllaa 
war«  «ljmltan»cm»ly  ejactad  throngh  tha  intorwadiary  of  a  propulaioa  41a« 

(»««  pbotograpb). 

Farther  dawolopaanta  of  fin  atabllisad  projactilaa. 


Panaarabwahrwerfar  ■  an ti tank  gun«  and  odeslla«. 

Tor  laatanaa  El«  1000  (Shell  •  «HlrOranat»  10,5/7,5) 

(  Tb«  ml  adrantag«  of  fin  »taMlsad  undarcalbor  »hall«  1»  that  cne  ean  throw 
doubl«  walght  aqually  far  &s  th»  norml  projeotila,  «quäl  walght  furthar  thaa 
tha  a«  aal  projactil«  and  aaallar  (1/2)  tbm  walght  thraa  tlaa»  aa  far)* 

PAW  1000  ia  an  antl-tahk  alaalla  with  hollow  oharg«,  High  nusala  walocity  and 
targat  rang«  of  1000  m  to  2000  a.  It  1«  an  undarcalibar  «hall  of  7,5  «a  to 
ba  flrad  frm  a  10,5  ca  tnba*  dar«  to  ba  uaed  froa  tank  to  tank  or  cannon  to 
tank«  Ia  tha  ordlnary  gun  th«  preswuras  of  3000  ata.  would  hawa  baaa  too  high, 
tha  projaotila  could  not  have  takan  up  tha  «traasaa.  Tbarafora  a  light  aatal 
taba  was  xm&d  mi th  a  powder  charga,  which  ia  nora  raatrlctad  buraiag  and  haa 
no  verj  high  peak  of  thront  (sae  akatch),  To  obtain  conatant  throst  aa  a 
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13m  «artrldga  had  a  Lar&l  noaal«  (••«  akatah) . 

(T!m  toXlaa  charg«  devalepwant  was  ln  tha  handa  of  Prof*  achardin*  faraerir 
In  felamhaaburg  and  Gatow) , 


PROJECT  ANTITANK  GUN 


■ns*!*  wnlacity  U0  -  1000  t^/aaa«  waa  intendad. 

Um  fkMfcar  praaaum  1b  2000  ata. 

Up  yTofclaa  at  tha  wind  tunnel  waa  to  daslgn  tha  talland  Of  tha  prajaotlla. 

Twa  aehasaa  wäre  lntsndad  ona  with  propuls  l.o&  diao  and  ona  with  tha  propnlalon 
*1aaw»  enly. 


FA*  aaredynaai o  data. 


Mfflceltleei  1}  Front  part  of  the  abeil  wes  presoribed  and  oould  not  ba 
altered. 



1,40 


gun  '  *  projectile 
xo  unlty  to  be  confortable. 


2)  flatiö  of 
tde  eloae 

ln  order  to  gat  goed  arrow  s tability 
tha  ratlo  shottld  be  at  least  1,59. 

3)  OG  was  rery  far  back  beeause  of  tha 
inoorparation  of  tha  hollow  oharge. 


4)  length  of  projectile  was  limited 

baeaosa  1t  was  »ounted  wlth  a  oartridge 
and  bnd  to  ba  fired  fron  a  tank  turret. 


Thla  cartrldg«  type  arranganant  was  rare  dtffioult  than  the  prerlously 
sketched  Jet  motor  propulston  Arrangement  beoauaa  of  the  higher  oraseeres 
and  streesee  whlch  the  arrow  projectile  h&d  to  t&ke  up. 


«Üth  the  KTloulU.es  centioned  abowa  it  was  alnost  laposslble  ta  selre 
tha  problan. 

8  differenee  modele  of  tne  projectile  10,5  *  Hl-Gr.  KREt3ST.AftlLITA^cr 

wäre  invbetigatad  ln  the  wind  tumal.  absolute  stabiuty  shoiuuae  o 


Mar»  1  for  lnstance  had  8  axis  parallel  f ins . 
Amt  me  fct  enough  ta  bring  tha  CF  far  enough  b*ck 
Wtfc  tb6  aaoaasary  requiremsnt«  of  construction  it 
fvma  notpaaeibla  to  push  tha  OG  forvard  für  the  r  than 


Amatbar  nodel  was  a*  fnllewo  (most  suecessfui  B!oöeljf 


•gegenläufig  apges  teilte  Flennen" 
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1  m  «a*  gota  tt  .  1°,  «nd  M  •  2,92  — ►cX  »  >a 


QuaatlOl  1«  «fcy  MP®  th«  aataaUy  iücllheo  rin«  bf  tt®r  tfeja  pcrtlUl  flart 
(It  *m-'j  graatar  atabilltr  hM  ita  origin  in  fhr  tr«at©r 

of  thd  inellafed  fing'.  aa&  *ot  in  th*  high«*  t» W  ®f  &>*/**£ 


In  Addition  t®  tfc®  imatlgttloii  *f  «tabiHt?»  th«  mlitinoi  tm  doWmlnad, 
5«  mfcttllj  ifteUwd  fina  a«  coaparad  witfa  th«  parallel  fl»  gat®  an  Inmaa« 
of  *®®lat®ae«  a«  afcowa  In  th«  tabl®. 


Tablo  for  0^  relativ«  t«  diaaat®? 


Th«  tall  diao  gav«  coaplete  stAbility,  th«  raalatano«  ®u®fc 

iaeg®«*«d, 

^WAaaX»  ^FO®  */««e.  to  860  ■/«««•  ahloh  vaa  aqffl«i*j&  t® 

reaah  t*rg«ta  froa  1000  to  2000  ». 

Jga^rigg&aheib«  *««  trl«d  by  W&lchner  ln  Gotting«n. 

».  ^Pia  »tablllfd  greife  tU«aA 
®)  Qosrfaatloaal  projactil««. 

A  t*rs  gr«®t  mmbrnr  o f  atodala  wer«  iwreatigetad  th  th®  ,Em»mwtelr 
fflni  y>Bwlo 


6S0 


Example:  28  ca  caliber  "Sprenggranate"  for  th»  K5.  This  was  the  first 
example  for  which  tne  influenc©  of  the  Spin  on  the  aerodynamic  charac  taris tle 
values  was  determined. 

Spiral  grooves  m  the  projectilos  were  used  which  exactly  fitted  the 
rifling.  Also  the  Spiral  grooves  wer©  used  to  bring  the  model  in  the 
wind  tunnel  to  rotation. 


With  the  ribe  about  10,000  rpm 
wäre  obtained.  With 
"Schnelläufer"  motor  developed 
at  Gottingen  6000,  12000  and 
16000  rpa  wer©  obtained.  In  this  case  the  Shells  wer©  saooth. 

The  theoretically  necessary  angular  velocity  for  Stabilisation  was 
not  actually  reaehed  for  the  aodels  in  the  wind  tunnel. 

Sb  syste&atlc  serles  of  «easuremants  were  mde,  but  a  notieeabl©  increaae 
of  Cp  was  obserrable  at 

^periphery  ^  ü  forward  *  0>09- 

The  path  of  the  projectile  which  was  calculatad  on  the  basis  of  the 
experimental  data  gay»  ranges  which  colncided  with  the  theoretioal  predictions. 

Other  wind  twxmels  predicted  results  for  ranges  which  were  1%  to  2&f> 
lass  th&n  those  obtained  from  actual  firing.  It  was  found  that  the 
differenee  in  Cn  came  from  the  difference  of  the  yiseous  drag  (Relbungs- 
widerstand)  on  different  sised  modele. 

B)  Spin  stabilized  undercaliber  projectiles. 

Examplesi  Frojectiles  for  the  8,8  cm  gun  with  caliber  of  7,2  and  7,0  ca  for 
the  projectiles* 

(Bochuner  Verein,  Eheinmetall  Borsig  and  Firma  Stock  were  lnvolved ) . 

:  CP  s  CG  was  detennined  and  with  presoribed  ü  .  .  /  ü  ,  it 

periphery  '  muasle 

was  possible  to  giyw  the  manufaoturers  the  neoess&ry  Information  of  how  to  efe&ng« 
the  location  of  the  CG  which  would  guarantte  stabil! ty. 


Additional  remark 

Influenee  %t  the  flat  nos©  of  the  fuxe  cn  the  Cn  of  5  cm  anti-airoruft 
Shell  1/4,7.  u 

Aoalyxed  were  the  Shell  with  the  normal  flat  fuxe  (for  data  eee  table). 
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*«*  Oi 


Point 


Flat  top  of  fuze  in 
calibers 


Point 

CTi  i.a  r  ^°)  Flat  top  of  fuze  in 

calibers 

1 

2 

3 

4 

Original  no^e 

0,223  0 

0,219  0,084 

0,224  0,18 

0,260  0,28 

0,270  0,39 
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Body  et&blaat  f  r  45°  aad  nnstabl»  at  'f  -  0° 


SckneHor  »rnlyaad  th©  forccd  eitlen  ©f  a  spinning  top  which  ia 

aubj'ootaS,  io  «£©rqu©  as  shcsc  in  th»  diagraa.  Th©  diagraoa  had  not  at 

that  tis®  feooa  «xporiaontally  dfstsraiööd,  tut  sc®»  r«aaonabX©  assaaptloas  wer© 

1 3h©  body  dascrlbad  exaotiy  a  «aoo »*  rotation  in  th©  eens«  th&t-  a 
giw®  Ej©#ldian  ©f  th©  body  alnay®  faced  th©  axi»  of  rotstion)* 

yrosa  tiieaa  tnweatigatioza«  it  bsoasie  apparent  how  laportant  th»  ©pin  ls* 

Th©  tnabling  motion,  coces  fron»  thre©  aff  ©et»«. 

iatial  sptn  ia  n©e®»eapy  in  order  tp  ©aißt»in  hh#'np0i*  iik©  aoüoa  Whiah 
gharanl»©«  th©  aaa©  aiga  f  or  th»  aslauthaX  »oli©nt  of  forc»,  (Ada  aosient 
of  foro* ©fe^ipat»»  is  a  lataral  Ufting  f©N©J«  tm  polar  aoaant  of  fcrc»  orig- 
inata»  «  th»  roUtional  aay»©tri©a  and  in  th»  «ff »et  of  th»  lateral  wind* 
dh»  pitohing  itosant  ia  in  ©quUibrivua  with  th»  »»atrif&gal  MMpn&o 
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3.  AfrUtloa»!  ItoU» 
i*  RheintocbtOr. 

At  ©ns  tim*  1t  was  though  that  in  ©rder  to  avoid  the  influenee 
©f  the  slip  streaa  on  tbe  fins,  the  rudders  should  be  put  in  front* 

At  first  ths  Rheintochter  had  6  fins  and  oix  wings,  later  4 
fins  and  4  wings.  Hinge  meinen  ts  wer©  raeasnred  and  it  was  fourd  that 
for  floa©  sxr  ‘  of  the  rudders  unstable  aomeivta  wäre  ©btained  while  for 
©ther  sxsa  s table  aomenta  reeul ted*  It  is  not  clear  whether  or  not 
tbe  Idee  of  putting  tho  rud ders  in  front  ie  of  any  value,  However, 
©ne  aay  state  tjiat  witli  the  rudders  in  front  the  CP  would  oova  to© 
far  forward  if  ons  did  not  ua©  Tarier  wings  to  ©ompensate  for  this 
forward  dieplac©»© nt.  The  Rheintochter  consequently  has  rauch  larger 
«ings  than  the  Was 3er fall  (perhapa  two  to  ihre«  times), 

B.  *  IQ- 

No  experimental  work  done  at  Kochel  or  any  other  place 0 

Was  intended  to  b©  a  100  ton  tferuat  rrothor  rocket  and  an  kt  or  Ao  25 
ton  thrnst  daughter  rooket,  Was  planned  far  perhape  3000  kra  ??  rang©, 
1940  »oa©  analysis  was  »ade  tout  not  seriously* 


Gm  Taumeln  *  tumbiing  of  projectlles. 


Br*  Schneller  (*bo  got  killed  in  an 
tmbling  offoot  theoretically  irhich 
on  a  a©d#l  euapended  on  a  universal 
spin  at  different  angular  epeeds 


If  u>  ^  fl  the  tumbling  occurs, 

Sln<fe  XI  ~  1  to  10  Hg*  fherefore 
the  underoalifeer  projecfcilea  were 
given  inclined  fins  to  produce  the 
necessary  large  u>  >  XI  right  away* 


airplane  eceident)  ealculated  the 
was  checked  ln  wind  tunnel  teste 
joint  and  which  could  be  made  to 


654 


2> 


When  the  proj  ©etile  passea  Ui©  successive  ©xplosiona  wer©  initlated. 
Actually  1300  ra/eec.  was  raached.  2000  h/b©o.  wa*  intended.  Diaa»ter 
of  the  tube  was  15  cm  and  the  proj  ©etile©  weighed  about  60  kg.  Bad 
oBcillations  of  the  gae  coluam  oceurred  and  the  whol©  proj ©ct  was  a  fiep 
because  gas  dynamically  the  various  phaaea  wer©  not  thought  tbroogh« 

Also  it  was  ao  little  aanoeverable  that  the  K 5  wa*  vastly  superi#®*  (which 
made  easily  150  km  with  80  kg  projectiles). 
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D.  Hocbdruckpruape  (RDP),  Himmelsleiter). 


öoenders  bei  Röchling  (Völklingen  an  der  Saar)  was  the  inventor 
and  the  prcaaoter  of  the  scheine  of  staggered  explosions  and  they 
convinoed  Hitler. 


Kaa  i»  the  iwighbcmxfccod  cf  SwienemnAe,  niedrer  ob  me  Island 

rollin  in  the  Baltic, 

Tube  Mi  120  a  long. 


Abs  tratet  ifc  BftPört  enth»  3»  <flt 


This  Xa  a  report  of  measurementa  on  models  ©f  the  38  cm  rocket 
assisted  Shell  which  was  being  develcped  by  Krupps.  Hermann  say* 
tbat  the  26  cm  »hell  was  used  during  th«  last  year  of  th©  war  t© 
boabard  England*  The  38  c»  was  nsver  used  and  töey  have  not  a  very 
high  opihlon  of  it  at  Kochel  b« cause  tbe  dispers ion  was  high.  It  waß 
intended  to  ignite  the  rocket  propellaut  15  sec.  öfter  launch  from  the 
gun. 

These  prejebtiieB  are  the  onee  which  wer©  found  at  Krupp' s  rang© 
at  Heppen  and  wewe  sent  to  England.  Only  the  prcpellant  of  the  38  cm 
was  fottnd  but  complete  examples  of  th©  23  ca  w^re  sent  to  England  and 
should  be  available  at  P.D.8. 


The  followlng  de  tolle  are  giwcn  in  the  raport  > 

Hödel  used  was  on  the  scale  1  i  8.44  (so®  H.4.P.  Archiv  66/93  for 
ejqperittSßtsl  method).  The  two  types  of  38  gm  Shell  are  as  in  the  tablee 


Lerarfch 

(calibros) 

g x&sa.  ByUw 

(calibres) 

lasa  Hp 

frolactli.  Baae. 

For»  Am 

4.5-? 

8 

pointed 

with  plate 

Form  B 

4.36 

10 

blunt 

without  plate 

The  Center  of  pressure  lies  late  ly  far  f orward  with  both  types 
and  aigrates  towards  the  base  as  the  Mach  number  increasea,  with  Tora  A 
this  Migration  more  pronounced  than  with  Form  B. 

The  results  of  the  tests  on  the  modele  indicated  that  there  ie  no 
essential  difference  between  the  two  For  ms  fron  the  aerodynaaic  point  of 
view*  ft  referenc©  is  given  to  a  report  by  Krupp,  A.K*  Nb.  12518  geh.  of 
F.  Krqpp  Div  A.K.  2.4.43. 

The  "Jaddrahlwinkel0  proposed  by  Krupp  was  5®59*  and  at  this  angle  only 
Fora  B  was  otable.  (Expsrlenoe  haß  shown  that  for  stabil! ty  in  flight 
ooefficient  must  be  not  lees  than  1.3.  As  the  aerodynaaic  data  a re  so 
siailar  for  the  tvc  forma  the  reason  for  the  difference  between  thelr 
stability  coefficients  must  be  princip&lly  in  the  different  ©quatoxial 
Moments  ©f  inertia,  the  moment  for  For»  A  belng  twioe  as  large  as  for 
Fora  B. 
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ix  MjuSsflagaaMi  &  ftrt 

Archiv  (>6/94  g*  Kdos  dat®d  26.3.45. 

This  ie  a  theoretioal  ealeulaticm  ©f  the  cooling  systes  neceaaary 
to  rechte©  the  tdasper&hur©  ©f  tha  g&aes  in  a  jat  frojn  2.000°C  t©  400°Co 
Th©  öpaoial  appli cation  was.  ln  ©ennection  with  etatio  teöta  of  A4  and 
Wasserfall* 

Th©  da ta  for  Wasserfall  at©  as  followöj 
C’öubug  tlon  chambsrs  pressure  15  afcaospher©* 

B  M  temperature  3000  °K 

^©locliy.ef  Jet  at  exit  of  Ventäri  1900  «/»ec. 

of  Jet  «  .  ■«  **  2300°  K 

&$£$&*  &t  ©xit  cf  Vei.turl  1*2  ataoaphereö 

Onsj^AtlöSi  ©f  gasjet  ia  approxisatoly  as  followa  (by  velus»^ 

it»  2/3*  C02 

iä  V#  äo 

16  2/3j(  ci  trogen  ^ozjspeptnds*.  {%  eal«  1  litre) 

Stifte  h*ai{  ^p  )  »  0*42  eal/kg 
Mas©  diaehsxg©  rat©  5JQ0  .»*3  /a©c* 

Rat©  ©f  fnel  fconamapti©*  6$  Kg  SIP  ,'«<  - 

12  Kg  ms©!*/©©* 

ütb  tha  speeial  b^OLlng  syetwn  na©d  at  PeeneatuniJ©  it  wa»  oaloulated  tfa*t 
Q6$  »>/*©©  of  wate^  wonld  b®  needed  t©  eool  the  gaaesfroa  2o000°I  te  JfiQ°7 
th©  Waling effioiancy  being  2Q^. 
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Bvery  month  there  »re  about  three  reports .  Theref ore  the  reporta 
are  up  to  date  axeept  frar  so m  Items  such  aas 

a)  The  wind  twnnel  investigations  on  the  projected  A9  (A  4b)  are  not 
yet  incorporated  in  any  report. 

b)  Review  on  Rudder*.  for  subsonic  and  supers onic  Controls  by  Wegener  ia 
also  not  incorporated.  This  report  was  tafcen  away  by  a  meraber  ef  one  of  the 
American  ▼iaiting  Jtartles.  (Can  be  rewritten  by  Wegener) 

c)  "Arrow  pro je« tlles*  to  be  fired  from  10,5  cm  guns  without  rifliug 

( projectile  PAff  60Qf  and  PAW  1000,  PAW  »  Panaerabwehrwerfer,  the  nusiber  givSS 
the  approxlmate  naasle  velocity  in  metera  per  second),  These  projactiJ«« 
wäre  intended  for  an ti- tank  üse  and  a  head  was  used  with  hol low  Charge  and 
forward  jet.  -  Prof.  Schardin,  first  at  Berlin-Gatow  (l^tkriegs&kadomle)  and 
later  at  Blankenburg  was  the  German  expert  on  the  hollow  charges,  on  penetration 
of  projectiles  etc.  (Er.  Lehnert  could  work  ip  some  of  these  reporta). 

d)  Some  investigations  have  not  been  reports  on  which  concern  themselvea 
with  the  basic  phenoaena  on  "Tragwerk"  (pure  lift  aurface)  s  "Tragflügel", 

"Lei twerksf lachen"  •  "Flossen"  *  stabilisiqg  eurfaces  and  Luftruder  * 
control  surfaoes.  Typ®11  profile: 


for  U  s  0.4  to  3.0 

e)  Caleulatiens  were  also  made  on  skin  temperaturee  of  the  A9  and 
Wasserfall.  (Per  the  A4  and  longest  ränge  the  tempere ture  of  the  oasing 
reached  6OO0O  just  befere  the  dive  10  second«  before  Impact,  while  thu  ' 
boundary  layer  tempsrature  is  about  1100°C).  P.  Jordan  was  also  engagbd 
ln  this  connection. 

(Greybodr  assumed.  Äquivalent  temperature  ■  T  O.65) 

f )  In  gasdynamios  the  methods  of  Tollmien  and  Sauer  were  used  to 
determine  the  pressure  and  velocity  dletribution  about  bodies  with 
relational  syraaetry*  The  different  types  of  methods  of  calculation  were 
compared  for  convenienee  and  spead. 

Some  work  on  the  theory  of  2  dimensional  Laval  nozssles  up  to  Rach 
numbere  10  also  was  done  whlcb  is  not  contained  in  the  reports,  (Hutter- 
und  Tochterdusen,  means  that  a  Standard  nozsle  for  M  s  10  is  first  apalyzed 
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*nd  all  Intermediate  eaaea  oan  then  be  relatively  easily  derived), 

g)  Suporaonic  flow  through  aeroducta  was  studied  recently 
for  the  purpoe»  of  jet  pro  pul*  Ion  and  increaee  of  ränge  for  the  A9.  Th»  werk 
was  done  both  at  Kochel  and  Qottingen  where  Oe Wa titsch  worked  on  what  le 
ealled  "Stossdlffusoren*  (Diffusor  effieienclea  foreuperaonic  air 
intakee,  Gewatitsch’ß  work  was  published  in  the  ZIB  (oentral  ageaoy  for 
scientific  reporta,)  At  Kochel  the  followlng  typee  of  dlffuaora  wer# 
trled«  (See  Sketch)* 

At  Kochel  they  worked  c„u.y  a  few  weeks  on  aeroducte  but  they  think 
that  aeroduc  ts  will  be  important  at  eupereonic  Speeds  and  in  relative  ly 
dense  air,  Two  dlfferenoe  duets  of  the  type  eketched  were  tried  as  modele« 


Special  atiention  wus  pf.id  the  Problem  to  achieve  maximum  ratio  Pg/Po 
for  givert  U0.  Oawatitech  '.ras  generalüy  concentrating  essentially  on  the 
front  end  uitcko  (all  the  time  ad  justing  the  exhanat  flow  through  a 
k oratio  plnng^r  in  the  exit), 

"Drcasolfaktor  s  diffuser  efficiency) 

Anothor  problam  which  they  intended  to  solve  was  the  deteraination  of 
the  drag  coefficient  of  the  aeroduct,  in  dependence  of  Bach  iramber  and 
yaw,  (Zobel  measured  in  Volkenroda  drag  eoefficienta  for  the 
"Arguerohr”  »  interftittent  motors). 
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H*  Pfafrta-qlactric  proylaity  fug»  devclcped  at  Kochel, 

Thia  taat  Works  on  tho  prineiple  of  ßerrilng  out  flashee  of  light  and 
detecting  the  ray»  ref leated  fron  tha  target  by  means  of  a  photo- 
electrlo  OdllQ 

It  waa  baittg  daveloped  for  tha  guided  anti-aircraf t  projectile 

»'»»«••rf&il*». 

Dipl*  X*g*  Paueker  and  Dipl.  Ing.  Hob  have  b een  doing  this  werk  mors 
or  los»  ih  their  spare  time  es  the  establishment  at  Kochel  dcor.  not 
nora&lly  d©  thie  kind  of  work,  Thgy  have  sperrt  almoot  Iß  -onthe  on 
th»  development  and  it  hae  raached  &  stage  where  corsplc  to  acviola  have 
bea«  constraeted  and  groued  toats  öarried  out,  but  no  tea  ts  havs  beon 
dona  with  the  fuae  on  tho  projectilo  nor  have  any  "fly-over*  teste  boen 
DMkdo  with  An  actual  aoroplano. 

Archiv  Kr*  ISO  and  Archiv  Kr.  181  are  proliminary  reports  on  tho 
fuae  and  aaplifier  respoc tivoly, 

The  so  two  roporta  give  nost  of  the  Information  avallable  ard  the 
following  i«  a  brief  outline  of  the  nain  points  together  with  soae 
details  not  inoluded  in  the  report. 

Ja 

A  flat  photo-cell  is  usod  with  a  solid  glass  nose  so  that  the  light 
refleetod  froa  tho  targot  i»  dirooted  on  t©  the  cell  by  total  internal 
refleötion  and  refraotion*  The  layout  is  ehewn  on  the  figure  attached« 
The  tip  of  the  fuze  nose  ie  »ade  of  steel  .(alunlniua  was  tried  but  had 
too  Xm  &  jseltlng  point)  . 

Tha  light  frea  a  filamant  laap  (12  V  100  watt)  was  sent  out  in  a 
sariss  of  flasbes  by  »©ans  of  a  System  of  lenses  mounted  in  a 
rotatihg  iBBOhaniem.  The  lens  mount  Ia  driven  by  a  small  eleptric 
*otor  at  a  speed  c'  &pnrcKiaa  toly  20,000  rev».  per  minute  and  ac  there 
are  aix  lenses  equally  spar ad  around  the  circumferenee,  2000  flashes 
per  second  are  eent  out-  Ti’'-  lenses  have  a  focal  length  of  3*5  ca.  In 
thia  aodel,  Infra« red  filtere  were  fitted  over  the  lenses  at  first  hut 
when  the  objections  tc-  uslng  -visible  li,  b.t  w^ra  reaoved  the  filters  wer» 
oaitted,  fchoreby  givlng  an  inersassd  seneitivity  to  the  fuae. 

Tha  photoeell  is  a  flat,  gas-»filled  rad-sensitive  cell  aade  by  Fresalar 
of  Leipsig«  Various  type»  of  sensitive  eurfaoea  were  tried  and  tha 
typa  used  finally  for  this  modal  was  casaiua  ♦  some  organiö  aubstanee* 
which  was  daveloped  by  Pressler.  The  cell  is  designated  «Special  I* 
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bjr  the  fira0  The  ßenaitivity  i e  quoted  on  the  test  ßheets  as  beiug 
700  sdoroaap«  per  lasen  with  an  anodo  voltage  of  100  <,  (The  aax.  anode 
voltage  ia  145). 

The  aapllfter  on  thie  modal  opera tfd  the  ruze  when  the  photo-cell 
l*aceived  only  oue  flaah  of  the  riaflected  beam  and  was  therefore  liable 
to  ;*•  opera  tad  by  aay  aocidentel  t laeh  of  light. 

Wo  araiqg  Devices  wäre  derelopea  butthere  «as  a  delay  relay  incorporated 
which  wöuld  preveot  the  full  voltage  fiten  being  applied  to  the  lanp  untll 
10  Seconda  after  the  projectile  bfi4 -tym  lauached.  itif  delay  «es  fcerely 
a  wirs  through  which  current  wae  paeßfä.  te  heat  itlot&e  Belting  point. 

A  ränge  eensittvity  of  13*20  Beters  was  dlaimed,  the  teste  being  carrled 
out  by  reflee.ting  the  beaowitb  a  blaelf  eleth  i n  Order  to  aiaulate 
operational  cossditions  with  a  night  fighter. 

Äl*;  «as  an  irapreyed  Version  of  I,  the  E&in  differenoe  being  a  neir 
tyoe  of  cell  sjouated  in  a  hellow  glase  nose. 

The  cell  was  »ade  by  A£G«  It  ia  tubulär  in  tfhepe  with.  a  ceewiua  ooeting 
on  the  mside  ef  the  envelope  mde  thin  eneugh  to  tranamit  light*  In 
contrast  to  theearlier  type,  this  ia  a  v*euw  bell  having  «  sqasitivity 
(taken  froa  ABÖ  te»t  aheets) ,  of  10-60  adere  ejfcä»  per  losen,  anode 

vol tage  100  (2360°  £)» 

.  -  v  r  ^/ivsnta gea  of  this  second  nodal  wer#  1,  The  thickneee  qf  tlse; 
ci .  ■  -  of  xhe  nose  w&e  nearly  th©  sane  throughout»  In  the  earlißr 

v»atiag  of  the  solid  glas«  cone  had  eaused  trouble^ 

Ihe  L-i-.o  Lo-coll  wttß  aiapiur  to  make  and  therefere  qculd  be  ohtalhedia 
large  cuahare. 

Another  luapreveiaeßt  in  tliis  model  was  that  the  awpllfier  weuld  efily 
opera te  lf  the  pheteoeH  recaived  at  least  two  Signals  fron  the  terget  et 
the  eorrect  f^equenoy. 

A  wore  powerfnl  Xanp  V  230  Watt)  was  used  and  also  lenses  of  larger 

diaaeter. 
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Abb.2 


aaifiam 


fi&SiS  Roflearoheg  of  Qaedynamioa.  Aorodynamlcs  and  Thertflodyqayglos . 

1)  Iheoretlcal  Qasdynanlfts. 

Thar*  ara  several  investigations  concerning  tha  atreas  1»  Lava! 
nozzles  and  tha  applieation  of  tha  "Prairitl^Bueeinann-aethod"  wlth 
oorractions  to  inplicata  tha  boundary  laywr  for  tha  purpoa*  of 
gettiijg  a  homogenem*  parallel  etream  (Reporte  No.  31,  32,  36,  56). 

▲  lot  of  theoratleal  work  was  done  to  exaaine  tha  universal, 
statlonary  and  stralght  ahookg  in  the  Level  nozzlaa  and  tha 
theraodynan&cel  base  of  entropy  was  disouaaod.  To  thia  taak  balox^e  s 
datailad  Investigation  of  the  "stralght  oondensation  shock".  .Reports 
No.  22,  24,  50,  71,  72), 


By  order  of  the  NVA  rror.  Tollmien,  Dresden,  evolvad  the 
poasibilities  of  calculating  a  supersonic  atream  with  rotational 
syrametry.  The  pressure  distribution  for  the  body  of  tha  A4  was 
calculated  with  this  and  anothar  aethod  of  Prof.  Sauer,  A&ahen.  and 
aomparad  with  tha  experiment. 

Tha  "Quall-Senken-method"  first  naad  for  supersonlo  spaed  of 
v.  Karman  and  Moore,  was  used  to  calculata  tha  distribution  of  pressure 
for  bodias  with  rotational  aymmetry  and  compared  with  tha  experlaent. 
(No  report).  ^ 

1ha  thaory  for  tha  infinit  wedge  and  cone  waa  rvaJ.ua ted  with  a 
lot  of  special  diagraas  and  nomograms  for  convenienoe.  The  haadwav« 
of  conaa  was  exaainad  in  a  serles  of  ploturas  takan  with  the  Schlieren 
nethod  and  compared  with  the  thaory.  (Reports  Mo»  61,  101.  126)» 

2)  MatheaaticaJL  Investigations  for  the  Stahl  11  tv  and  aerodynaaio^d 

SigglUM-tf .  jinräi^ ..spin./s~tai>iiläisd  Srelsotllss. 

The  first  problem  distingjlshad  the  aerodynanioal  moaent  and 
aamping  of  vibrating  fin  stabillzed  modele  in  the  stre&au  The 
solutlon  was  e  coaf fiel  ent  wlthou  diaenaiona  for  tha  danplng»  The 
oonditions  of  inoreasing  and  deoraaslsg.  vibrations  wäre  deterained. 

The  nathanatios  proved  that  there  are  ceveral  char%cteriatic  slopes 
(linear,  eubie  or  universal)  of  tha  moaent  coeffieient  for 
Interpret Ing  oscillograas  of  aodala  vibrating  in  the  wind  tunnel.  The 
ex&ct  difference  between  modele  and  Originals  with  moving  cantar  of 
gravi ty  was  exaained.  (Reports  No.  15.  16,  29,  46,  112,  119,  132). 

Qther  investigations  defined  the  stability  of  spin  stabillzed 
projectiles  with  anothar  special  coeffieient  and  proved  the  rasult 
with  wind  tunnel  experiments«,  Tha  results  were  espaoially  u&ad  for 
a  spin  stabillzed  rocket  projactile  (DQV  15  ca)  with  &  velooity  nsar 
Mach  nuaber  1,0  (Reports  No.  54,  55)« 
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3)  Thaor.tl.al  Invaatlgatlona  concernlng  Ifra.lectorla«  of 


A  special  group  of  the  mathematio  säction  ^aloulates  the 
trajectories  of  conventional  projectiles,  »Peenemunder  Pfeilgeschoasen* 
(PPG)  or  rocke ts.  For  this  purposo  they  developed  their  own 
Integration  method.  This  method  can  be  uued  vsry  qiiickly  and  with 
grast  accuracy.  (Raport  in  werk). 

Tha  important  effoct  of  lateral  wind  on  the  control  steering  ©f 
a  atarting  rocket  was  examined.  Another  work  claarad  tho  influanca 
of  weight  and  aarth  rotation  on  tha  trajeotory  of  long  ränge  projjedtllea 
(PPG,  130  kn).  Xt  was  planned  to  drop  modals  of  "Wasserfall”  fron  an 
altitude  of  8  t©  12  km  which  reach  a  supersonic  speed.  Several 
trajectories  wäre  calculated  to  maka  the  experimants  easilv  (Reports 
1,  21,  37,  40,  60,  129,  156,  160). 

4) .  Calculations  and  Experimente  to  slow  down  Rocketa  of  high 

velocities. 

To  get  subsonic  test  rockst®  back  undamaged  ealculations  were 
made  for  special  parachutes.  For  high  supers  onic  ve locities  tha 
WVA  suggested  "Bromsklappen",  aerodynamic  brakes  which  allow  tha  fins 
to  open  during  tha  f light.  The  f orees  were  determined  and  compared  with 
several  aatpaidaents  (Reporte  No.  7,  8,  17,  19,  26,  45,  Ul). 

5) *  Othor  theoretlcal  Inveatlgatlons. 

A  special  mathematical  work  salyed  the  probleni  of  the  light  ptream 
in  the  great  "Schliere nop tik "  (50  cm  mirrors)  to  ifccrease  tha 
senaitirity.  The  accuracy  of  the  wind  tunnel  balance  with  3  eompontnta 
was  proved.  (Reports  No.  58,  59,  109). 

Kxa^ination  and  Supplements  of  the  Wind  tunnel  experiweftta  with 

In  the  first  years  of  the  action  of  the  WVA  tunnel  (193S-40)waa 
tbc  main  task  to  compare  the  results  of  the  experimental  method* 
modals  with  projectiles  and  rocke te.  Extended  teste  with  a  great 
in aber  of  rocke ts  with  several  shapes  of  fins  and  extreme  centers  of 
grnrity  were  made.  Calculations  were  necessary  to  oompare  Jtnd-%uu*e3 
experiweat  and  f light.  (Reports  No.  6,  9,  13). 

Besides  this  were  dropped  a  great  number  of  A4  modele  fron  air 
planes  flying  with  an  altitude  of  6-7000  m  to  study  the  behavioujt  Of 
the  model  reaehing  the  velooity  of  the  sound.  No  wind  tunnel  es* 
examine  the  behaviour  of  modele  at  Vach  number  1,0  (Reports  No.  3, 

35>. 

7).  Theoretlcal  and  experimental  investigatlona  concernlng  the  Hast 

Ww. 

The  important  question  of  the  heat  transfer  from  the  boundary 
layer  and  the  temperature  of  the  skin  of  supersonic  rocke  ts  needed 
acourato  examinations  because  all  the  condltlons  are  unknown. 
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A  great  nuraber  of  b&aic  exporioenbs  w-re  made  in  tLus  »hole 
supersonic  region  tö  aeasure  th©  temperature  and  the  heat  Transfer 
on  seyeral  simple  bodies  (sphere,  plate,  cones  of  all  angles)  in  th© 

WVA  wind  tunnol.  Th©  influence  of  th©  Reynolds  nuraber  in  this  casa 
must  b©  determined  with  nsw  exporiaents.  (Reports  No.  2,  57,  170), 

Gthar  theoretieal  vrork  examined  the  propagation  of  ths 
temperature  as  function  of  the  time  by  calculation  and  grapnic  methods 
for  glas©  ai*i  other  materiale.  As  a  Supplement  the  infra-red  rays  of 
the  boundary  layer  of  bodies  flying  with  high  velocity  was  calculated. 
These  Problems  were  important  to  the  building  of  fuzes  for  A4  and 
«Wasserfall«.  (Reports  No.  127,  151,  116,  125). 

8)  AerodTO*nlo«l  teelo  Raaaarqh. 

Fundamental  reSearch  was  necessary  in  Order  to  have  succees  in  the 
whole  aeredynamical  development».  M&ny  probleas  were  discussed  with 
the  scientific  ©ommisaion s. 

Som©  of  the  missing  points  are  as  followsj 

Large  Investigatlons  were  mada  in  stationary  blowing  wind  türm  als 
with  small  sections  lnoluding  the  compresslble  subsonic  region,  the 
region  close  to  Maeh-number  1,0  and  the  super sonio  velocities. 
Measurementa  of  the  pressiere  in  the  stream  were  made  with  several 
probes  to  control  the  homogenous  distribution  of  the  velocity,  and 
investigatlons  were  made  to  ©xaaine  several  shapes  of  diffusore  for  the 
purpose  to  dato  mal na  their  efficiency  in  getting  the  pressure  back.  Th« 
purpose  was  to  get  a  good  shape  of  diffusors  for  new  stationary  blowing 
fcuimals  (Reports  Nb.  41*  169). 

A  lot  of  experiments  had  to  clear  the  influence  of  several  shapes 
and  alzss  of  holes  on  the  surface  of  modele  to  make  an  accurate 
measureraent  of  the  pressure  in  the  supersonic  region.  (Report  No.  47). 

The  ©limination  of  the  foroes  on  the  holder  of  the  wind  tunnel 
balance  is  solved  by  successive  measurements  using  two  different  holders. 
(Report  No.  93)#  The  eff ec t  of  the  holder  on  the  drag  by  disturblng 
the  wake  was  tested  on  spheres  using  several  sections  of  holders  in 
the  supersonic  region.  The  influence  on  the  res ult  *s  very  small  if 
the  r&tio  of  the  sections  of  holder  and  modal  are  lower  than  a  fixed 
value.  (Report  No.  46). 

is  very  difficult  to  get  aerodynaaical  coefficients  with  the 
rockst  jet.  Ät  first  all  results  without  jet  wäre  interpreted.  The 
effect  of  the  jet  was  determined  aftarwards  by  measuring  the  pressure 
distribution  on  the  tail  of  the  modal.  For  this  purpoB©  the  Jet  could 
not  be  disturbed  and  the  model  was  fixed  with  a  lateral  holder.  The 
Jet' s  effect  on  the  aerodynamics  can  reach  very  high  valnee.  (Report  No. 
23,  105). 

The  influence  of  tho  Reynolds  number  on  the  results  was  determined 
with  measurements  of  spheres  in  the  supersonic  region  (Report  No.  46). 
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öeaides  iho  latter,  measurements  of  the  drag  of  a  aarles  of  simple 
projectiles  ln  the  WVA  wind  tunnel  gave  in  compariaon  wi  th  the 
reeulta  of  Prof*  Walchner,  Gottingen,  rnost  interesting  directions  with 
regard  to  the  Reynolds  number  (Report  cf  "Geschoß tagung  Peenemünde"  1941). 

The  effect  of  ekln  friction  on  the  A4  was  determined  approximatively 
by  ealculating  the  boundary  layer  (Report  No.  105). 

For  the  purpose  of  getting  a  homogenous  parallel  stream  in  Lav&l 
nozzles  theoretic&l  and  experimental  Investlgationa  wer®  made  to  examine 
the  boundary  layer  in  the  aupersonic  region0  (Reports  No*  36,  56). 

The  effect  of  the  spin  on  the  aerodynamics  of  projectiles  has  been 
tested  only  on  two  examples.  The  experiment  deinonstrated  that  the  drag 
alters  only  about  on©  per  cent* 
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INTERROG A  TION  OF  WEGNER  ON  AE  RODYN AMI CS  OF  MWAoS  E AFALL” 

at  Kochel,  16  June  1945  b j  RH  Horris 

tteferencest  Report  RV A  171-  a  summary  of  the  "Wasserfall  development 
from  the  point  of  view  of  aerodynamics. 

Report  WVA  150  -  Domping  tests  of  "Wasserfall"  modol. 

PURPOSE  OP  THE  INTERROG  TI  ON  l 

Tho  purpose  of  this  interrogation  w  s  to  obtain  ansvers  to  certain 
queetion  regarding  ggftYBj  design  of  Wasserfall  9  particularly  as  to  reasone 
for  certain  design  feature 3«  A  mo -e  comprehensive  report  on  tue  awrodyn- 
aaic  work  at  koehel9  not  in  preparation  bat  soon  to  be  av&ilable  is  bring 
prepared  by  Dr.  Zwicky. 

LIMOTED  RANGE  OF  CENTER  OF  PRESSURE* 

The  outet  anding  feature  of  the  aerodynanic  performance  of  the  latest 
designs  of  Wasserfall  is  the  small  ange  within  which  the  oenter  of  press¬ 
ure  is  confined  while  the  Mach  Numbe  varies  f  rom  sero  to  2.9 9  and  the 
angle  of  attack  up  to  8  degrees.  For  a  given  angle  of  attack  the  ränge 
is  only  0.5  calibers9  and  increasing  the  angle  fron  2  degrees  to  8  moves 
the  center  of  pressure  aft  only  2.0  calibers  fo  -  a  given  Mach  number.  The 
’wrall  length  of  the  mtssile  is  8.9  caliberSa* 

This  favorable  feature  of  the  performance  was  the  result  of  "out  and 
try"  methods,  using  various  comb inat Ions  of  wing  designs  and  «udder  designs 
in  wind  tunnel  teste. 

Accordingly,  the  ma^or  justification  for  the  latest  design  of  wings 
and  rudders  is  this  center  of  pressure  behavior9  other  than  the  drag 
value.  This  applies  particularly  to  the  choice  of  the  ratio  of  wing  span 
to  wing  chaor9  and  to  the  location  of  the  stabilizing  fins  and  rudders  in 
line  with  the  wings 9  not  displa&ed  45  degrees  a round  the  longitudinal  azfts» 
No  systematio  tests  of  body  alone9  wings  alone9  etc  have  been  mode9 
so  the  design  is  entirely  empirical. 

BODY  3HAPE 

The  body  shape  is  made  up  of  a  nose  of  10  oaliber  radius  tangent 
ogive9  and  a  cylindrical  body  piec©  4  calibers  long  joining  them.  The 
Diameter  of  roughly  0.6  calibers  at  the  end  of  the  tail  was  choaan  as  small 
as  the  exit  area  of  the  nozzle  permitted,  after  Provision  IOC  for  the 
rudder  and  vane  operating  mechanism.  Enlarging  the  nozzle  exit  area  to 
~  >,08 1  the  maximum  feody  cross  seotions  roay  be  worth  KäMXXftXX  considering9 
nowever,  Wegner  said  this  is  done  in  ''Taifun'* • 

The  body  diameter  was  detennined  by  the  size  of  the  required  pressure 
ok  sphere,  which  was  based  on  the  original  performance  specif ications 
i  estimates  based  on  them.  669 


The  reason  for  a  cholee  of  10  calibers  for  the  nose  radlus  is  not  knov 
+  Wegner.  Xt  may  ha  e  been  due  to  ©xperienco  dating  back  zaany  years*  an< 
rr.ay  b©  relat  d  to  ractical  considerationa  of  conati*uction9  he  said.  H© 
idnitted  that  ogive  radii  as  high  as  $  20  calibers  hav©  redently  been  used 
on  f ln-stabilized  projectiles  for  guns. 

Glasa  was  to  be  used  eventmally  as  the  material  of  the  nose*  to 
permit  use  of  a  proximity  fuze,  but  all  flightest  saaples  so  far  tosted  had 
had  steol  noses. 

DESIGN  0'?  TN  GS  AND  PINS* 

A  sweep  back  of  60  degreea  from  the  transversa  axis  is  used  for  both 
wings  and  tail-fins*  This  ohoice  was  the  result  of  teste  of  varioua  amou- 
nta  of  sweep  back*  Wegner  said9  but  no  details  or  referenoes  on  this 
point  were  obtained* 

The  wing  and  fin  thiokness  at  the  base*  (adjacent  to  the  bedy  )  vaa» 
0.0705  calibers*  and  tapered  to  0.0127  calibers  near  the  edges*  where  it 
was  brought  to  a  point  with  a  0.955$  caliber-raduis  tangant  ogivo. 

The  teil  tag  edge  of  the  t&ll-fin*  adjacent  to  the  rudder9  was  cut 
off  squaro  for  simplicity  of  construction.  A  test  with  the  Sg  edge  grobved 
to  give  a  better  fit  with  the  rounded  leading  edge  of  the  rudder*  had  been 
&<^de*  but  the  improved  performance  was  considered  too  saall  to  be  worth 
the  additional  coaplaxity. 

Ho  comparison  of  the  aerodynamio  parfonnanoe  by  theoryf  for  coapd^eon 
with  teet  reaults*  had  been  made,  although  they  had  hoped  to  do  so  soqs^ 
The  complaxity  of  the  geometry  of  the  wings  and  f  ins  makes  the  proble^ 
rather  complicated  and  difficult. 

Tha  wing  profile  was  diotated  partly  by  coiisiderations  of  ease  $f 
fabrlcation*  and  was  not  considswed  necessarily  final* 

For  production samples*  full  olze*  the  leading  edge  of  the  wing 
was  to  have  a  %  nillimter  r&dius*  not  a  sharp  edge*  and  was  to  be  foreed 
by  bending  a  continuous  pleoe  of  sheet  metal.  The  wind  tunnel  saaples 
were  sharp-edged*  however. 

Wings  were  proYided  in  two  planes*  at  90  degrees  to  each  other*  rather 
than  inonly  one  plane*  ln  Order  to  siaplify  the  problen  of  guiding  of  the 
missile.  Much  study  had  been  giYen  to  the  posaibility  of  guiding  with  IX 
wings  in  only  one  plane*  but  the  conelueion  was  unfaYorable. 

A  wing  conaisting  of  a  eylindrical  sheet*  1  rger*  but  co~axial  with* 
L,./e  rocket  body*  was  tried  but  found  to  have  excessive  Arag  at  eupersonlo 
speeds*  due  to  the  ohiking  effect  in  the  spaoe  between  the  wing  And  the 
body* 

mv»Ä  wiftin  nf  th*  wfrur  Ahd  been  investimated  in  on? 
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&  fe»  teste  wer«  tho  center  of  pressure,  but  not  the  dT’ag  or  litt,  was 
Jteasured.  The  span,  from  the  body  to  the  tip  (not  from  tip  to  tip)  was 
1/3  chord.  The  center  of  presoure  at  suporsonic  speeds  was  only  about 
30%  aft  of  the  leading  edge,  not  50%  as  expected  from  theory.  Furtheiv- 
more  this  result  was  insensitive  to  change s  in  profil© .  A  combination 
of  wedge8  f or  the  leading  and  trailing  edge9f  joined  by  a  flat  portion, 
had  the  center  of  pressu  e  locarion  which  was  independent  of  the  angle 
of  attack. 

No  trial  had  ever  been  attempted  of  a  wlng  tip  cut  back  so  that  the 
ahock  wave  wake  from  the  tip  would  flow  back  without  being  inter-fered 
with  by  the  wing. 


ilSaiGN  jF  RUDDERS* 

A  great  many  different  rudder  designs  had  been  tried  in  Order  to 
obtain  the  combinatifcn  of  a  small  Variation  of  center  of  pressure  with  X 
angle  of  attack v  together  with  reasonable  hinge  raoments  and  absence  of  an 
S-shaped  curve  for  angle  of  attack  as  a  function  of  rudder  angle. 

Two  rudder  designs  were  ch03en  as  alternatives  for  the  best  final 
designs.  These  are  designated  as  R12  a  .d  R21,  and  rockets  using  them  are 
designated  as  C2/JS2  and  C2/E3  respectively.  R12  ha3  a  somewhat  greater 
chord  than  R21,  which  reeults  in  greater  hinge  moments,  particularly  at 
supersonio  speeds,  but  its  curve  of  angle  of  attack  versus  rudder  angle 
extends  to  greater  angle  values  before  becoming  S-shaped. 

Usgbf  tabs  (Flettner  Ruder)  to  reduce  the  hinge  moment  of  the  rudde» 
has  been  investigafced  but  the  test  esults  were  not  yet  conclusive. 

Enough  tab  to  bring  the  hinge  moment  to  zero  at  supersonic  speeds  is 
considered  impractical  however,  because  the  performance  at  subsonlc  speed 
is  too%unfavorable. 

Spoilers,  as  an  alternative  to  the  conventi^nal  rudders,  wer©  con- 
sidered,  but  tests  showed  that  aerodynamic  ©ffect  practically  disappeared 
at  high  Mach  numbers  (above  2),  so  spoilers  were  considered  out  of  the 
question  for  Wasserfall.  Wegnor  understood  howewer  that  spoilers  wer© 
oonsidered  promising  by  Henschel  for  use  on  "Zit  errochen"  (a  further 
development  of  "Schmetterling"  Hs  117),  for  use  up  to  Mach  number  of  2.. 
OR  that  missile  the  sgpo ilers  wer©  the  trailing  edge  type,  located  on  the 
wings,  whioh  were  triangulär  in  shape;,  the  missile  had  noX  tail  fins. 

Rudders  located  at  the  nooe,  as  on  "Rheintochter"  have  been  inves— 
tigated  but  conclusive  result s  have  not  yet  been  obtained. 
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They  have  many  disadvantageo  ae  well  as  advantages. 

RELIABILIT*  OF  WIND  TUNNELS  RTSULTSx 

The  rellability  of  the  wind  tunnel  esults  fo  •  drag  la  indicated 
oy  the  very  good  consistency  betweon  drag  obtained  by  force  measurements 
on  the  modei  with  drag  computed  from  measurements  of  the  normal  pressure 
dietributlon  on  the  same  modelv  corrected  for  the  calculated  tig  fron 
the  fric  ion  shear  fo~ces.  Frictlon  itself  had  never  been  determined  gjf 
by  tost  on  rocket  models. 

Measurements  on  rockets  in  f light t  to  obtain  aerodynamic  data  ae  to 
drag  and  lift  had  never  be;  n  made  v*ith  sufficient  accuracy  to  permi t 
confi rmation  of  wind  tunnel  results.  Other  Problems  to  be  studied  by  the 
flight  teats  had  been  considered  of  greater  u-gency.  Drop  teste  on  a  ©on* 
ver  ional  bomb,  however,  had  provided  a  good  check  with  wind  tunnel  resu» 
ult s,  ä/<Xä$  on  the  same  bomb,  made  both  at  Kochel  and  at  Göttingen« 
EJLXKGföDC 

EFF  ECT  OF  PRÄS  .UN  CE  0?  THE  JETx 

The  pr  sence  of  the  Jet  was  found  to  incroase  the  drag  by  70%  at  a 
Mach  number  of0«2«  This  effect  dec-eases  about  linearly  with  increasing 
Mach  Number,  becoming  zero  at  about  Ma?h  number  of  1.0«  At  Mach  Numbers 
\bove  2*0  the  effect  of  the  Jet  is  to  reduce  the  drag  about  12  tc  15%. 

This  effect  at  subsonic  speeds  is  presumably  due  to  the  entrainment 
of  air  along  the  tsil,  which  cauoes  a  lower  pressure  thece.  This  might 
be  improved  if  the  Jet  exit  diameter  were  mo  e  nearly  equal  to  the 
maximum  body  diameter. 

The  effeöt  of  the  Jet  a  super  onic  speeds  is  due  to  the  fact  that  it 
cause s  the  Separation  j  oint  of  the  boundary  layer  on  the  teil  to  move 
forward,  which  causes  the  pressure  at  the  tail  t/rise,  thus  adJing  to  the 
th-ust  effect.  This  benefit  would  be  reduced  by  using  a  larger  nozzle 
exit  diameter. 

The  effect  of  the  presence  of  the  Jet  on  damping  is  very  great  at 
subsonic  speeds,  it  makes  the  oscill&tion  in  pitch  or  yaw  almost  a 
periodic  •  The  effect  is  much  le3s  at  supersonic  speeds,  but  the 
accuracy  ther  in  the  tests  was  too  poor  to  yeild  quantitative  results« 

The  effect  of  the  Jet  on  the  influence  of  the  rudder  angle 9  was 
found  to  be  negligible  when  the  pitch  and  yaw  angles  were  conatant« 
DAMPING  WtTHOUT  THE  JETf 

The  damping  coeff  icient  Cd  is  3  $  +,  25%  over  the  whole  velocity 
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w^erei 


D-max.  diameter  of  the  body 
L*length  of  the  mis^le 
v«veloclty 

Q-deneity  of  the  air 

R*coeff iclent  of  the  d«(  /dt  term  in  the  fliffe  ential  equation  Tä 
of  oscillation  in  pitch  or  yaw. 

MODEL  DIMENS10NS: 

The  caliber  of  the  usual  modele  was  31*4  mm« 

The  tolerance  for  the  fine  was  0.05  om.f  b.)tv  SßXäM  specified  and 
realieed*  and  for  the  body  was  0*10  mm  speciflied  and  0.05  m»  realized. 

ffor  pressure  distribution  testf  only  one  half  a  model*  split 
lengthvise  was  ueed9  and  the  body  diandter  was  then  greater. 


673 


The  Peenemunde  Wind  Tunnel  as  an  Artillery  Aid. 

The  Peenemünde  wind  tunnel,  the  most  powerful  and  best  equipped 
in  Germany,  was  specially  designed  to  aid  in  the  development  of  missiles 
flying  at  supersonic  speeds.  The  people  associated  with  this  tunnel, 
which  was  moved  to  Kochel  in  the  later  stages  of  the  war,  were  pioneers 
in  the  field  of  applying  wind- tunnel  data  to  the  development  of  rockets 
and  projectile s.  This  report  will  attempt  to  indicate  the  importance 
of  such  data  for  artillery  Problems*  A  full  discussion  of  the  work 
done  by  this  group  will  be  found  in  the  report  of  C.I.O.S.  183,  the 
team  which  investigated  the  tunnel  at  Kochel  (Ref.  1),  An  important 
booklet  dealing  with  fin-stabilized  projectiles  is  "Geschosse  ohne 
Drall",  Deutsche  Akademie  der  Luftfahrtforschung,  1943,  (Ref, 2).  The 
wind  tunnel  itself  and  the  fundamental  principles  underlying  the  app- 
lication  of  wind-tunnel  data  to  projectiles  are  discussed  in  "The 
Supersonic  Wind  Tunnel  of  the  Heereswaffenamt  and  its  Application  in 
External  Ballistics",  which  has  been  translated  by  a  member  of  C.I.O.S. 
183  (Ref *3).  All  these  documents  should  be  available  soon, 

Projectiles  With  Spin 

No  original  work  on  the  development  of  spin-stabilized  projectiles 
was  done  by  the  present  group*  But  the  making  of  3-component  (lift, 
drag,  pitching  moment  -  see  Ref  *3)  measurements  in  the  wind  tunnel 
enables  one  to  say  definitely  whether  or-  not  a  given  pro je etile  will 
be  stable  in  f light.  Measurements  of  this  kind  were  frequently  made. 

How  the  rotation  of  the  projectile  affects  the  aerodynamic  forces 
on  it  has  been  an  open  question.  The  indications  are  that  such  eff ecte 
are  negligible  for  the  f ollowing  reason.  The  wind-tunnel  data  were 
always  obtained  on  non-rotating  models  of  the  actual  projectiles j 
predictions  about  the  stability  or  instability  of  the  projectiles 
were  then  made  on  the  basis  of  these  data.  These  predictions  were 
always  borne  out  by  proving-ground  experience. 

One  attempt  was  made  to  measure  the  effect  of  spin  on  the  drag 
of  a  projectile.  A  model  with  a  built-in  motor  was  mounted  in  the 
wind  tunnel.  Drag  measurements  at  20,000  r.p.m.  were  made.  The 
results  agreed  with  the  proving-ground  experience  in  showing  this 
effect  to  be  negligible«  Hcw  spin  influences  lift  was  not  determined* 


674 


F  i  n  -Stabilized  Pro.jectileg, 

The  instability  (tumbling)  of  a  projectile  is  usually  avoided 
by  "spin  stabilization" ;  it  may  be  equally  well  avoided  by  the  use 
of  a  proper  fin  assembly  on  a  non-rotating  projectile.  Aa  will  appear 
later,  the  latter  procedure  has  several  important  advantages,  The 
development  of  the  fin-stabilized  sub-caliber  projectile,(the  P.P.G,- 
"Peenemünde  Pfeil  Geschoss")  for  the  £—5  (28cm)  gun  appears  to  be 
one  of  the  most  significant  artillery  development s  of  the  present 
war,  It  was  achieved  largely  by  a  group  interested  in  aerodynamics, 
with  little  or  no  encouragement  from  those  interested  in  the  con- 
ventional  rotating  projectiles.  The  evolution  of  the  P.P.G.  is 
worth  examining  in  some  detail, 

Fig,l  shows  how  fin  stabilization  is  achieved.  In  the  absence 
of  the  fin  assembly,  the  aerodynamic  forces  in  front  of  the  center 
of  gravity  act  upward}  those  behind  it,  downward,  Both  sets  of  forces 
tend  to  produce  clock wise  rotation  about  the  center  of  gravity,  which 
tends  to  increasec^,  the  angle  of  attack,  and  makes  the  pro  je  etile 
nnstable,  With  the  fin  assembly  added,  the  forces  behind  the  center 
of  gravity  tend  to  decrease^,  and  this  stabilizes  the  projectile, 

The  first  fin-stabilized  supersonic  projectile  was  made  by 
Röchling  in  the  spring  of  194-0  (Fig.2)  ♦  The  flexible  fins  proved 
too  fragile  and  thsy  were  aerodynamic ally  unsound, 

The  Peenemünde  wind  tunnel  group  (especially  Drs.  Hermann  and 
Kurzweg,  and  Ing,  Gessner)  became  interested  in  fin-stabilized 
projectiles  upoh  the  appearance  of  the  Röchling  type,  They  concluded, 
however,  that  the  fin  stabilization  could  not  be  satisf actorily 
accomplished  if  the  diameter  of  the  fins  did  not  exceed  the  maxinmm 
diameter  of  the  pro^ectilej  and  this  discovery  meant  that  the  projectil« 
would  kav©  to  be  sub-caliber,  Furthur,  the  force  distribution  leading 
to  stabilization  (  Fig,l)  could  not  be  obtained  with  reasonably  sized 
fins  unless  the  fin  assembly  was  at  the  rear  of  the  projectile, 

Finally,  in  the  initial  designs,  the  aim  was  to  maintain  the  mass- 
ratio  unity,  (which  means  that  fin-stabilized  and  spin-stabilized 
projectiles  were  to  be  of  equal  mass)  This  mass-ratio  can  be  obtained 
in  a  sub-caliber  pro^ectile  only  by  making  this  projectile  longer  than 
the  spin-stabilized,  These  general  ideas  guided  the  development  of 
the  R,P,G,  through  the  four  stages  shown  in  the  figures.  A  few  facts 
about  each  type  are  given  below. 
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-4t age  1«  Fin-St&bilized  Projectiles  with  Sliding  Fin  Assembly.  £Fig.3^ 

This  frype  of  projectile  (max.  diamefrer  5  cm.)  had  a  ränge  of 
13  km  as  compared  with  10  km.  for  frhe  spin-stabilized  projectile 
(caliber  7*5  cm.)  o f  frhe  same  mass.  Nevertheless,  frhe  design  was 
abandoned  in  favor  of  one  wifrh  no  moving  parts. 

The  projectile  is  impelled  forward  by  pressure  of  frhe  gases  ön 
frhe  driving  disk.  Ifr  is  guided  in  frhe  tube  by  frhe  guiding  fing.  Ring 
and  disk  are  discarded  during  f light j  frhese  s 1 owe r-mo ving  parts  may 
in jure  friendly  troops. 

This  experience  wifrh  this  projecfrile  proved  for  frhe  first  time 
frhafr  ifr  is  possible  -  on  the  basis  of  wind-tunnel  measuremenfrs  alone- 
fro  design  a  safrisfactory  fin-stabilized  missile  thafr  will  meet  all 
aerodynamic  requirements. 

Stage  2.  Plug-driven  Pro.jectile.  (  Fig.  4  &  5  ) 

(Winter  of  1940;  first  frrial  sho^,May  1941)  In  this  infrermediafre 
^age,  frhe  driving  plug  was  infrroduced  fro  frransmifr  frhe  pressure  fro 
frhe  body  of  frhe  projecfrile  wifrhoufr  damaging  frhe  fin  assenibly.  The 
driving  plug  was  18%  as  heavy  as  the  pro jectile,  which  me  ans  thafr 
considerable  energy  was  wasted  in  accelerafring  ifr,  also  frhe  flying 
plug  was  an  unpredicfrable  hazard  and  frhe  fins  were  froo  fragile. 

Ways  of  combining  frhe  plug  wifrh  frhe  pro jecfrile  were  consequenfrly 
soughfr. 

Stage  3.  Fin-driven  Pro.jecfrile.  (Figs.  6,7*8,10) 

(  Trial  shofr,  summer  1942)  Ifr  had  become  obvious  frhafr  frhe  fin- 
sfrabilized  projecfrile  was  best  suifred  fro  large  calibers  and  long 
ranges.  The  group  frherefore  suggesfred  frhafr  such  a  pro^ecfrile  be 
developed  for  frhe  K-5  (28  cm.)  gun.  Wind  frunnel  data  (  3-componenfr 
measuremenfrs,  measurements  of  frhe  pressure  disfrribufrion  and  of  frhe 
damping  momenfr,  see  Fig.6),  indicafred  frhafr  an  18  cm.  fin-sfrabilized 
projecfrile  for  K-5  should  have  a  ränge  of  90  km,  as  compared  wifrh 
km  for  frhe  spin-sfrabilized  projecfrile  of  equal  mass  (see  Fig.7)# 

The  90  km  ränge  was  sfrzktkiXK  acfrually  obfrained  on  frhe  first  shofr, 
a  remarkable  resulfr. 
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A  fifth  stage  in  the  development  of  the  P«P«G«  was  to  be  intro- 
duction  of  a  metal  "star**  (discarded  in  flight)  to  protect  the  fins 
of  the  band-driven  projectile.  A  fin-stabilized  projectile  of  mass 
ratio  1/2  and  250  km«  ränge  for  the  52  cm.  Krupp  tube  was  also  planned« 
The  size  of  the  gun  that  can  be  built  seems  to  be  the  only  limit  to 
the  size  of  a  fin-stabilized  projectile. 

Advantages  and  Disadvantages  of  Fin  Stabilizfttion: 

(1)  All  the  advantages  (such  as  ease  of  manufacture)  of  a  smooth 
bore« 

(2)  Sharply  reduced  wear  of  the  tube  (some  of  the  tubes  used 
for  band-driven  projectiles  actually  decreased  in  diameter 
owing  to  the  deposition  of  iron  from  the  riders  on  the  fins) • 

(3)  Greater  ränge  and  or  penetration 

(4)  The  same  gun  can  be  used  for  projectiles  of  different 
calibers  (or  mass  ratios)  since  all  the  projectiles  are 
sub-caliber. 

At  the  present  time,  the  principle  disadaantages  are  (1)  too  great 
a  dispersion  in  ränge,  which  could  probably  be  corrected  and  (2)  the 
hazard  from  the  discarded  fragments  of  the  driving  band  (  of  no 
omportance  in  naval  gunnery) 


H«A!  Liebhafsky 
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The  transition  to  a  K-5  projectile  brought  with  it  the  abandoment 
of  the  driving  plug.  The  problem  of  incorporating  the  driving  plug 
into  the  projectile  without  moving  the  center  of  gravity  too  far 
rearward  was  solved  by  strengthening  the  fins  so  that  these  could 
transmit  the  pressure  of  the  gases  through  the  driving  disk.  The 
pro jectiles  were  fired  from  rifled  and  smooth  bore  tubes.  To  fire 
them  fcom  the  rifled  barrel  (  an  emergency  measure  ) ,  a  special 
rotating  disk  was  attached  to  the  rear  of  the  projectile,  which 
then  either  did  not  rotate,  or  rotated  very  little.) 

Stage  4.  Band-driven  Pro,iectile.(Fip;.9)  (1943) 

The  projectile  cannot  be  lengthened  to  more  than  15  or  16 
calibers  if  it  is  driven  from  the  rear  be  cause  gfaaadndfc  the  metal 
is  not  strong  enough.  Accordingly,  the  next  development  of  the 
P*P*G.  saw  a  driving  band  placed  near  the  center  of  the  projectilej 
this  band  also  guided  it • 

Fig.  10  shows  this  type  projactile  in  the  caliber  (10,9  cm) 
intended  for  A.A.  use,  but  never  introduced  operationally.  Because 
its  time  of  flight  would  have  been  only  1/4  of  that  for  the  usual 
projectile,  its  introduction  should  have  increased  the  probability 
of  hits  64-fold. 

The  K-5  progectile  of  this  type  is  believed  to  have  been  fired 
on  Liege  toward  the  close  of  the  war,  It  was  originally  intended  for 
use  against  England,  wherefore  it  was  necessary  to  build  it  with 
mass  rat  io  1/2  in  ordcr  that  the  ränge  might  be  increased  from  90 
to  130  km,  As  in  the  previous  case,  the  ränge  calculated  from  wind 
tunnel  data  (130)  was  actually  obtained,  Some  130  of  these  projectiles 
were  fired . last  winter  on  the  proving  grounds  at  Rügenwalde  under  the 
supervision  of  Wa  Prüf  1*  (  Some  of  these  projectiles  probably  feil 
into  Russian  hands,)  The  dispersion  in  ränge  was  high,  but  the 
dispersion  in  deflection  was  less  than  that  of  the  spin-stabilized 
K-5  Shell,  No  data  from  the  front  are  available;  the  200  or  so 
projectiles  fired  there  were  experimental  models;  there  should  have 
been  6  months  more  of  development, 

Riders  made  of  soft  iron  were  used  to  protect  the  fins  of  the 
band-driven  projectiles. 
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Fig.  1 

Principle  of  fin  stabilization 


J Leitwerk 
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Abbildung  ^ 


Fig.  1a 

Moments  and  angle  of 
attack  for  a  comple- 
tely  stabilized  pro- 
Öectile. 

(For  further  discussion  of  the 


Fig.  1b 

Moments  and  angle  of 
attack  for  an  incomp- 
letely  stabilized  pro- 
Öectile. 

cases  in  Figs.  1a  and  b,  see  Ref.  3) 
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Pig.  2 


Södel  of  the  first  fin-stabilized  proQeetile,  the  Röchling. 
(Bote  the  inverted  cover  for  the  f ins ,  which  is  discarded) 


Pig.  5 

P.F*G.  Stage  1  (Sliding  Pin  Assembly) 
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The  Merodynamic-ballistic  Research  Institute  WVA  Kochel  in  the 
Service  of  Aircraft  Research, 

by  H,  Kurzweg 

A  summary  of  all  subsonic  and  supersonic  investigations  and  meas- 
urements  signific/ant  for  aircraft  development  that  were  carried  out  in 
the  wind  tunnel  at  Peenemünde  and  at  Kochel, 

I,  The  Problems. 

Modern  transport  aircraft  and  bombers  fly  at  speeds  near  half  the 
speed  of  sound  (Ma  -  0.5).  The  aerodynamic  f undame ntals  for  these 
aircraft  were  established  in  wind  tunnels  usüally  of  large  cross*rsection 
but  of  low  velocities.  These  velocities  usually  did  not  exceed  60  m/sec 
(that  is,  Ma  -  0.2).  Since  air  is  incompressible  at  the  low  velocities, 
such  wind  tunnel  results  may  be  used  for  aircraft  to  Ma=0.5. 

The  development  of  more  rapid  craft  requires  wind  tunnel  investig-  - 
ations  of  compressible  flow  in  the  region  up  to  the  velocity  of  sound 
(Ma  -  0.5  to  -  1.0).  Five'  o!r  10  years  ago,  the  construction  of  wind 
tunnel gfaith  diameters  of  about  2  to  3  m.  was  begun  for  this  velocity 
ränge.  Consequently,  the  results  of  measurements  in  compressible  flow 
on  wing  profiles,  on  rudders,  on  the  occurrence  of  shock  waves  at 
p-ofiles  and  tail  sections  have  been  available  for, several  years  (DVL, 
Berlin;  LFA,  Braunschweig).  The  need  for  good  aerodynamic  measurements 
d.n  this  velocity  ränge  is  extraordinarily  pressing  at  this  time,  and  this 
is  true  of  fundamental,  as  well  as  of  applied  research.  The  aerodynamic 
knöwledge  ohtained  from  practical  experience  with  speedy  fighter  planes 
iB  not  yet  very  great.  There  is  practically  no  such  knöwledge  for  the 
region  Ma»0.8  to  1.0.  It  is  extremely  urgent  that  a  thorough  understa- 
nding  of  this  region  be  obtained  as  rapidly  as  possible  by  means  of 
systematic  wind  tunnel  measurements. 

Naturally,  the  aim  of  future  aircraft  development  is  the  exceeding 
of  the  speed  of  sound.  This  Problem  became  urgent  when  it  became  necess- 
ary  to  pursue  and  to  hit  bombers  and  speedy  fighters  with  certaihty.  I 
The  design  evolved  aerodynamic al ly  by  us  at  WVA  for  project  "Wasserfall” 
represents  the  first  supersonic  aircraft  for  velocities  up  to  Ma»3. 

Since  the  initial  velocity  of  this  missile  is  zero,  measurements  on 
models  had  to  be  made ,  not  only  in  the  velocity  ränge  where  the  air  is 
compressible,  but  also  in  the  supersonic  region  and  in  the  verydiff- 
icult ■ transition  region  between  them.  All  measurements  from  Ma=0.4  to 
5.0  were  made  in  the  WVA  wind  tunnel.  From  this  it  is  evident  that  this 
^tunnel  is  well  suited  to  the  purposes  of  ballistics,  but  that  is  partic- 
ularly  well  adopted  to  the  making  of  measu ‘ements  relating  to  bodies 
(with  and  without  wings)  that  resemble  both  aircraft  and  pro jectiles. 

For  the  latter  purpose,  it  was  obvious  that  the  siibsonic  region  would 
require  through  investigation  and  extensive  measurements  up  to  the 
velocity  of  sound.  The  missile  ”Wasserf all”,  the  first  to  be  equipped 
with  wings,  flew  satisfactorily  (after  several  experimental  specimenö 
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had  been  made)  at  velocities  up  to  Ma=J;  that  is  through  the  trans-sonic 
region  in  which  serious  dif_iculties  had.  been  expected.  This  project 
showed  emphatically  that  it  is  urgently  necessary  to  carry  out  farsighted 
aerodynamic  investiagtions.  For,  at  the  time  when  "Wasserfall"  was 
vrgently  needed  -  at  the  beginning  of  1943  -  the  fundamental  aerodynamic 
data  for  a  supersonic  missile  were  not  available.  These  were  obtained 
in  about  1  year. 

II.  Type  of  Wind  Tunnel. 

The  ideal  tunnel  would  be  capable  of  hhndling  full-size  replicas 
at  the  actual  velocitites  to  be  encountered.  These  requirements  can 
SXEMI#  acarcely  be  met  today,  because  of  the  enormoua  costs  entailed. 

For  the  lower  (but  not  for  the  higher)  speeds,  it  has  bproved  possible 
to  build  tunnels  of  diameters  10  m  and  inore.  The  Berlin  and  Br$runschweig 
tunnels,  which  attain  sonic  velocity,  are  2.7  m  in  diameter  and,  even 
at  that,  require  10,000  kw.  Supersonic  tunnels  of  such  dimensions  would. 
presuppose  enormous  electrical  capacities. 

However,  most  aerodynamic  investigations  in  the  region  where  air 
is  compressible,  and  in  the  supersonic,  do  not  l  equire  wind  tunnels  of 
large  cress— section.  Sufficiently  reliable  results  can  be  obtained  on 
relatively  small  models,  if  only  the  required  Ma  values  are  reached  in 
e  tunnel.  At  high  velocities,  the  Mach  number  is  the  principal  Param¬ 
eter  involved  in  transferring  to  the  full-scale  speciment  results  obtained 
on  the  model.  The  Reynolds  number,  which  is  important  at  the  lower  veloc— 
ities,  decreases  in  importance  relative  to  the  Mach  number  at  velocities 
approaching  and  exceeding  that  of  sound.  ft  does  play  a  role  in  investi¬ 
gations  of  surface  friction  and  of  boundary  layers;  but  such  investiga¬ 
tions  always  require  special  apparatus.  If  the  size  of  the  model  is  such 
that  the  Reynolds  number  lies  in  a  refcion  above  the  laminar  section  of 
thie  the  surface— friction  curve^  then  the  Mach  number  provides  Bufficisnt 
basis  for  assuming  similarity  of  model  and  original  uhder  identical  con- 
ditions  of  flow. 

Since  this  K SSXWKXÜl  requii’ement  is  met  in  the  WVß  wind  tunnel- 

with  its  40  x  40  cm.  cross-section,  it  is  immediately  possible  to  carry 
out  in  this  tunnel  all  the  aerodynamic  measurements  required.  A  lower* 
limit  byyond  which  measurements  are  not  peesible  is  fixed  only  when 
special  investigations  on  the  smallest  parts  (such  as  edges  or  supports) 
of  the  aggregate  are  required.  Since,  however,  new  pro je cts  require  fund¬ 
amental  measurements  on  the  body,  wings,  fins,  rudder  etc«,  the  wind 
cansl  in  its  present  form  is  capable  of  handling-all  the  fundamental  work 
required  for  such  projects  in  the  near..  future.  For  subsequent  airdraft 
development,  a  tunnel  of  about  1  x  1  m  cross-section  will  have  to  be 
provided,  which  will  at  once  facilitate  measurements  of  the  kind  just 
described  and  make  possible  the  attaining  of  very  high  Ma  values. 
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It  is  very  important  to  note  tnat  the  forms  of  wings  and  control 
surf aces  Charge  radically  as  the  speed  of  aircraft  approaches  or  su  -passes 
that^of  sound.  The  breadth  of  the  aircraft  decreases  as  its  speed  increase; 
in  "Wasserf all'*,  for  exam.le,  the  breadth  of  the  wings  is  no  greater  than 
th^t  of  the  stabilizing  fins;  that  is,  most  of  the  wing  span  now  lies 
within  the  direction  of  flow,  not  perpendicular  to  it.  In  the  WA  tunnel 
we  have  carried  out  long  series  of  measurements  relating  to  the  develop¬ 
ment  of  aerodynamic  bodies,  such  as  the  bodies  of  pro jec feiles  or  of 
rockets,  and  of  aircraft  huils.  Experience  is  available  particularly  on 
the  effect  of  an  emitted  jet  on  flow  around  lUXpfflX  am  aerodynamic  body 
in  the  sub  -  and  supersonic  regions.  This  experience  relates  principally 
to  the  not  entirely  simple  experimental  technique  requi  ed  in  such  investt- 
gations.  In  general,  we  have  available  measur^ing  instruments  and  methods 
sufficient  for  the  most  rapid,  the  most  practical,  and  the  most  precise 
investigations;  in  pant,  these  are  available  only  at  our  wind  tunnel 
(e.g.,  a  null  balance  for  measu  -ing  moments,  an.X-ray  method  for  measuring 
densities;etc. ) 

XX  In  the  following  pages,  there  will  be  described  individual  invest- 
iggrbions  that  may  be  regarded  especiaily  as  investigations  relating  to 
the  most  rapid  aircraft  for  the  future. 

III.  Measurements  Relating  to  the  Most  Rapid  Aircraft. 

(1).  Constancy  of  the  center  of  pressure  X£  for  "Wasserf all". 

Experience  has  shown  that  the  center  of  pressure  for  an  aerodyn¬ 
amic  body  depends  upon  the  angle  of  attack  and  upon  the  velocity  of  the 
body.  This  applies  to  plates,  profiles,  huils,  etc.  The  migration  of 
the  center  of  pressure  usually  begins  only  when  the  sjeed  has  exceeded 
Ma=0.5«  The  migration  is  strongly  dependent  on  the  shape  of  the  body. 

It  may  become  appreciable  as  one  passes  from  the  sub-  to  the  supersonic 
region.  As  this  happens,  the  body  may  pass  from  stable  to  unstable  equil- 
ibrium,  or  vice  versa,  depending  upon  the  location  of  the  center  of 
gravity.  This  fact  imposes  special  requirements  upon  the  guiding  of 
airdraft.  In  ppoject  "Wasserfall'*,  forocample,  in  wMch  the  quiding  was 
to  be  mechanical,  these  requirmments  constituted  one  of  the  most  important 
Problems.  The  machine  to  do  the  steering  was  to  be  of  the  smallest 
power  f easibleYthat  is,  the  lever  arm  of  the  esultant  of  the  aerodynamic 
forces  was  to  be  kept  as  small  as  possible  during  the  entire  f light, 
•erodynamic  measurements  on  "Wasserfall"  as  firdt  designed  (see  fig.  X3£ 

1  a)  showed  that  the  center  of  pressure  migrated  by  more  than  one  diamefeer 
of  the  &ull.  With  the  center  of  gravity  chosen,  the  iaodel  was  unstable 
in  the  subsonic,  stable  in  the  supersonic  region.  This  instab itity  could 
have  been  avoided  by  displacing  the  center  of  gravity  forward;  but  in 
the  supersonic  region,  the  center  of  pressure  (Kurzweg  has  "center  of 
gravity")  would  then  have  been  bo  far 
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back  as  to  require  a  far  more  powerful  steering  madhine  than  specifications 
allowed. 

By  means  of  systematic  distribution  measurements  over  the  entire 
urface  of  bodies  with  fin  assemblies,  it  proved  possible  to  determine 
the  distribution  of  the  aerodynamic  forces  over  the  entire  surface  for  a 
wide  ränge  of  velocities.  Big. 2  shows  several  examples  for  the  fin- 
stabilized  rockets  A-4  at  sub-  and  supersonic  speeds.  By  examining  these, 
it  is  easy  to  see  how  the  pressure  distribution  changes  gradually  as 
one  passes  from  low  speeds  through  the  subsonic  region  where  tbe  air 
is  compressible ,  and  finally  into  the  supersonic  region« 

Upon  the  basis  of  the  investigations,  the  aerodynamic  surfaces  of 
"Wasserfall**  were  designed.  Sufficinet  constancy  in  the  location  of  the 
center  cf  pressure  was  achieved.  Big«  3  shows  H/D  (  distance,  in  diameters 
of  the  null,  between  the  center  of  pressure  and  the  tail)  as  a  function 
of  Ma.  Bor  comparison,  a  similar  curve  is  given  for  the  fin-stabilized 
A-4  (  body  with  fin  assembly  only)  . 

(2)  The  aerodynamic  development  of  the  glider  aircraft  A-4b  (A-9) . 

The  aim  was  to  incr^asr  the  ränge  of  A-4  from  300  to  approximately 
480  km.  There  was  the  possibility  of  realizing  this  aim  by  changing  the 
rocket -"projectile"  into  a  rocket  "glider"*  that  is,  the  body  of  A-4 
s  to  be  equipped  with  wings.  Approximatei  calculations  indicated  a  wing 
surface  of  20  sq.m.  The  most  favorable  aerodynamic  form  was  completely 
unknown.  The  velocities  during  flight  ranged,  as  in  the  case  of  "Wasserfall? 
from  zero  to  several  times, sonic«  The  measurements  were  aarried  out  from 
the  following  points  of  view: 

(a)  Attainment  of  the  rejguired  lift  with  minimum  drag  at  all  speeds. 

To  achieve  this,  the  rat io  of  lift  to  drag  was  established  by 
means  of  the  3-component  balance  for  various  types  of  wing  and 
fin  surfaces. 

(b)  Attainment  of  the  most  nearly  invasiant  location  possible  for 
the  center  of  pressure. 

The  experience  obtained  on  **  Wasserfall"  was  available.  Long 
series  of  measurements  were  carried  out  pn  many  different  »TiiUm 
variations  of  **arrow"  wings  and  "trapeze"  wings« 

(c)  Adaption  of  the  aerodynamic  requirements  to  the  construction 
of  the  missile.  Attainment  of  the  simplist  possible  Tzxqjraldäx 
profile  without  straak.  3ffect  of  this  change  in  the  profile 
on  the  ratio  of  lift  to  drag  and  on  the  position  of  the  center 
of  pressure. 

Bigs.  4  and  5  show  the  development  of  the  wing.  The  investigations  did 
not  by  any  means  lead  to  a  completely  satisfactory  solution. 
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The  migration  of  the  center  of  pressure  is  lower  for  the  ”trapeze”  wing 
than  for  the"arrowM  wihgf  but  it  has  not  been  completely  avoided.  The 
^atio  of  the  lAft  to  drag  is  satisfactory  for  the  proposed  ränge 
requirements • 

The  measurements  of  the  moments  and  of  the  stability  were  made 
quickly  and  directly  by  means  of  a  device,  the  so-called  null  balance 
for  moments,  which  we  constructed.  With  this  arrangement,  the  stable 
equilibrium  positions  may  be  determined  to  within  about  1/3  degree  in 
the  angle  of  attack;  the-unstable  positions,  to  within  about  ?°3nr , 
(3)  The  Development  of  Aerodynamic  Rudders  • 

In  the  region  Ma**0.5»  where  the  air  is  incompressible,  une  X 
developement  of  rudders  on  the  basis  of  the  experience  everywhere  avail— 
able  presents  n<.  particular  difficulty.  As  the  spead  increases,  however, 
a  migration  of  the  center  of  pressure  occurs  also  on  the  rudder  surfacest 
this  migration  is  strongly  dependent  on  form,  on  the  profile,  on  the 
adherence  of  the  stream  to  the  fixed  part  of  the  fin  assembly,  on  the 
formation  of  shock  waves,  on  influences  of  the  jet,  etc* 

We  developed,  in  the  WVA  wind  tunnel,  the  rudders  £X  for  A4,  which 
prevented  the  rolling  of  the  rocket.  Even  though  these  ”spin  rudders” 

.ad  an  area  of  only  about  1/2  sq.  cm.  on  the  A— 4  model,  we  would  measure 
satisf actorily  on  them  the  migration  of  the  center  of  pressure,  the 
hinge  moments  and  the  normal  forces,  as  well  as  the  resulting  spin  moments. 
These  rudders  served  their  purpose  satisf actorily  on  the  full-scale 
rocket. 

A  further  extensive  series  of  measurements  was  carried 

out  in  the  aerodynamic  rudder  for  "Wasserf all”.  The  aim  in  this  case 
was  to  achieve  a  rudder  whose  center  of  pressure  remained  as  nearly 
fixed  as  possible  over  the  entire  ränge  of  velocities.  With  the  rudders 
of  conventional  for,  a  fSjflflBIS  pronounced-  dif f erence  in  centers  of  presumrc 
for  the  subsonic  and  for  the  supersonic  region  always  exists,  and  no 
method  of  compensation,  no  matter  how  devised,  can  preventXX  JLt.  If  qt»* 
places  the  axis  of  the  rudder  very  far  forward,  and  slopes  the  portion  of 
the  rudder  lying  in  the  free  stream  strongly  toward  the  rear,  then  one 
does  achieve  a  sudden  stable  at  all  speeds t  but  the  hinge  moijient  of  such 
a  rudder  in  the  supersonic  region  will  be  prohibitively  large.  Big.  6 
shows  rudders  with  differing  characteristic  moment  curvasj  these  are 
itable  in  the  supersonic  but  unstable  in  the  subsonic  ränge.  The  rudder 
R  12  was  beyond  the  capacity  of  the  pro jectdd  guiding  machine,  But 
rudder  R  21  w ÄXX  could  be  operated  by  the  machine. 

JSÜC  On  the  other  hand,  rudder  forms  that  do  XXX  not  have  negative 
tangents  to  thier  momentum  curves  at  any  velocity  were,  attained  as  a 
consequence  of  systematic  measurements  of  pressure  distribution  and  of 
moment  •  689 


These  rudders,  whieh  have  a  slit  at  a  certain  place,  are  still  in  the 
initail  stages  of  development. 

(4)  Development  of  Aerodynamic  Rudders  with  Auxiliary  Rudders. 

In  order  to  accomplish  the  same  purpose  -  namely,  to  avoAd  large  hinge 
moments  in  the  rudders,  the  development  of  auxiliary  rudders  was  undertaken. 
We  have  carried  out  several  series  of  experiments  in  the  subsonic  region 
where  air  is  compressible,  and  in  the  supersonic  regton,  on  auxiliary 
rudders  of  different  forms.  Purther  measurements  were  in  prospect.  The 
chances  of  obtaining  favorable  results  are  good. 

(5)  Fundamental  Measurements  of  the  Center  of  Pressure  on  Profile  Plates. 

Plane  and  profile  plates  were  investigated  in  order  to  establish  the 

fundamental s  governing  the  migration  of  the  center  of  pressure  on  wings 
and  fins  as  caused  solely  by  the  increase  of  velocity  in  the  subsonic 
region  where  air  is  compressible,  and  in  the  supersonic  region.  The  aspect 
ratio  was  approximately  2:3  (greatest  extension  in  the  direction  of  flow). 
Several  of  these  interesting  results  are  given  in  Äigs  7-9.  Centers  of 
pressure  near  half  the  lenfcth  were  obtained  neither  with  parallel  nor  with 
profile  plates |  this  result  is  in  accord  with  the  theory  for  small  aspect 
ratios.  These  measurements  were  carried  out  by  a  special  method.  The  plates 
were  made  as  so-called  half— models,  the  axes  of  rotation  being  taken  through- 
tJ  tunnel  walls  so  that  the  moments  could  be  determined  by  extemal  loading. 
The  method  is  extraordinarily  rapid  and  eliable. 

(6)  Important  S-ray  and  Interferometrie  Measurements. 

As  an  addition  to  the  other  well  known  methods,  we  developed#  Xfig  an 
X-ray  method  of  measuring  the  density  of  the  flowing  air  in  the  sub  and 
supersonic  regions.  It  is  possible  by  this  method  to  make  the  most  precise 
measurements  at  the  surfaces  of  wings  and  aerodynamic  bodies  (2  and  3  dim¬ 
ensional  models),  and  thus  to  determine  the  pcessu.?e  distribution  without 
the  use  of  a  material  probe.  Fig.  10  shows  the  first  application  of  this 
method,  the  measurements  being  made  near  the  vertex  of  a  conically  shaped 
profile.  The  results  show  the  density  changes  ahead  of  and  behind  the  shock 
wave.  One  sees  that  the  experimental  method  gitres  a  result  in  good  agreement 
with  the  theoi*etical  value. 

The  interferometer  also  provides  a  way  of  avoiding  the  use  of  a  material 
probe  in  the  making  of  density  measurements;  we  have  an  interferometer 
available  for  this  purpose.  Fig.  11,  which  shows  a  3-dimensional  case 
(  accone,  the  verte*  of  a  pointed  tail),  may  be  cited  as  an  example.  The 
e  luation  of  the  Interferometrie  results  will  be  very  simple  once  the  Int¬ 
egrator  developed  in  the  W?A  is  fini&hed. 

(7)  Heating  of  the  Skin  of  Aerodynamic  Bpdies  Düring  Flight  at  Speeds  at 
which  Air  is  compressible. 

With  present  ai  craft,  one  does  not  need  to  be  concerned  about  the 
heating  of  the  skin  (and  hence  of  fche  entire  body)  during  flight. 
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Since  the  impact  temperature  of  the  fc~undary  layer,  which  is  fixed  by  the 
friction  and  the  impact  of  the  air,  at  the  surgace  increases  with  the 
square  of  the  speed,  this  matter*  must  be  considered  for  aircraft  flying 
en  at  the  velocity  of  sound $  at  330  m/sec,  a  temperature  increase  of 
about  50°C.  occurs.  Fo  *  example,  in  the  supersonic  aircraft  "Wasserfall", 
the  maximum  temperature  of  the  boundary  layer  during  f  light  does  reach 
215°  C.  Fig.  12  shows  Steel  sheet  temperatures  calculated  from  the 
heat  transfer  coefxicients  determined  in  the  wind  tunnel. 
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Translator*  s  Prefece 


A  2-volume  treatise  on  internal  and  extgrpal,  •  .by-Peaatfr 

experts,  civilian  and  military,  w&e  planngd io 

birthday  (1939)  of  General  Becker*  whc  wa*  bhi'et  of  v 

waffenamt»  dean  of  the  military  technioal  Xaculty  at  the . 
xhe  Hochschule,  Berlin,  etc,  The  following  material  or  .:-h#r 
personic  wind  tunnel,  by  Dr.  R.  Hermann*  was  intendedtobAa 
cf  this  treatise.  Aa  General  Becker  dled  beforft  tlie  trea— 
ti  st  could  be  published,  it  was  planned  to  iaatza  the  material  ab 
a  rremorial  volume,  which  gavfc  Dr*  Hermann  opportun!  ty  for  a  ,re~ 
Vision  that  made  his  contribution  up-to-date  as  of  DeCenber*- 
1940.  Tv/o  or  tliree  galley  proofs  of  this  contribution  wer«  made« 
It  was  finally  decided  not  to  issue  the  treatise  for  rea  1  ot 
security,  with  the  reault  that  the  bound  galley  proofs,  1  #1 

which  Lht?  present  tr&nfclation  was  made«  conatltute  tke  ool^*  oopy 
in  existonce  of  Dr.  Hermann's  contribution* 


The  first  p&rt  of  the  translated  material  des  er  Ibas  the  Feanamfya« 

de  su personic  wind  tunnel  and  the  experimental  ua*4  in 

connection  with  it*  Kost  of  this  pari  ia , still 

1940,  however  a  eilica  gel  drying  inatallatib#  3iM’be#n  aÄdeA.: 

and  additional  experimental  nethoda  (««g*  t  ' 

metric)  intröduCedr  All  in  all,  "&ia 

pov/erful  and  the  best  equipped  in  Oermgey 

The  hinh  Mach  numbe  n  attainahle  ln  th e->1tn yiAei  * 

lt  was  intended  primarily  for' the  * 

pro^ectiles)  rather  than  of 

part  of  Dr*  Hermann *s  beok  lay*  the  f irriTiift n fl  hlQVI 

ation  of  misallea  anerglvea  th*  «*>rde  ^^*TT ** ÜlJUW 

though  the  extensive  auhsequemt  wbrk'has 

riai  *  this  sec t Ion  of  the  boek  iabtül  <&' 

this  important  field* 

The  tranalator  la  a  member  of  0,X*Qf8»  f&j&j 
veatigated  thla  target  and  wh öm  report  '*$$*££464  jQfttö&lii 
the  more  re c ent  Information*  Xhe  trandlatidh» ttlkHiSK 
done«  ahould  be  reaaonably  correot  alnoe  ^  jjfr 

Hermann  and  hla  co-workera*  "Heere  awaffamaafe*  hmk  Vtttt,; 
ly  tranalatedj  lt  was  not  the  Ge  man  Var  < 
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responsible ,  under  the  OKH  for  mllitary  rasearch  and  for  the  da- 
velopment  of  new  weapona  and  other  nilitary  equipoent.  Finally, 
Pifi«  37 1  which  was  not  in  Dr.  Hermann 's  book9  hae  bean  addad  hara 
to  show  mora  clearly  how  the  modal  is  mountad  in  tha  tunnel« 


H.a.  Liebhafsky 
Kochel,  Germany,  16  June 


Ith#  Bupersonlo  if  lad  Tunnel  of  the  War  Mini  st  ry  and  Its  Application 
in  External  Ballistics. 

By  Rudolf  Hermann«  Berlin« 
with  36  illustrate##t«, 

Translator* s  Note*  All  of  the  important  sections  of  the  book  will 
b#  freely  translated  H.A.L. 

Introductlon  (p  1-3) 

In  the  last  30  years«  the  wind  tunnel  has  become  a  valuabae  ex¬ 
perimental  tool  for  aeronautical  research,  and  it  is  therefore 
natural  to  use  this  tool  for  studying  external  oalliscics.  In  the 
wind  tunnel«  it  is  possible  to  measure  the  magnitude  and  direction 
of  the  forces  and  moraents  acting  on  the  projectile  ander  various 
experimental  conditionsx  this  cannot  be  done  on  the  proving  .jround. 
Wind  tunnel  and  proving  ground  will  Supplement  each  other  in  re- 
vealing  the  fundamentale  of  external  ballistics. 

Tie  domain  of  external  ballistics  new  includes  nor  only  the  furtner 
development  of  the  üsual  spin-stabilized  projeutiles,  but  also  the 
development  of  non-rot at in,:  mi3siles,  stabilized  with  l  ins 
("arrow-stabilized")  and  flying  with  supersonid  veiocities.  It  is 
worth  mentioning  that  experimental  resuits  obtuir.ea  in  the  wind 
tunnel  may  be  applied  most  reaüily  to  non-rotating  projectiles,  for 
the  presence  of  spin  complicates  matters  because  of  che  interaction 
of  aerodynomic  and  gyiroscopic  forces. 

Extensive  wind-tunnel  measureinents  have  not  beeil  rade  i'or  tne  pur- 
poses  of  external  ballistics,  partly  because  measure ment s  at  sub- 
sonic  speeds  do  not  suffice  and  the  necessary  supersonic  facili— 
ties  were  not  available.  .it  the  time  the  present  tunnel  was  plann- 
ed«  there  were  in  Germany  the  following  super sonic  ins calla tions: 
Göttingen  (6  x  d,7  cm)  and  Aachen  (10  x  10  cm;  and  2 o  x  20  cm). 

The  Supersonic  .Vind  Tunnel  of  the?'ä?-nr  Ministry. 

I.  Fundamental  Conslderations. 


l«_The  _'»lnd ‘Tunnel  Princlple  in  Gnieral. _ 

Jn  actual  practice,  a  flying  body  moves  ’through  the  air;  i k  the 
wind  tunnel,  the  air  uoves  p  ist-'?Sfre  cla-.iped  :odel.  The  wind- tunnel 
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result®  &r®  trustworthy  only  If  th®  air  stream  la  parallel  and  of 
conatant  velocity  ©ver  ita  »ntire  croaa  saction  and  along  th®  ®n- 
tir®  length  of  th®  modal»  Th®  realisatlon  of  thaa®  condltlona  do¬ 
pende  upon  th®  quallty  of  th«  nozzlaa.  Bocaus®  of  th®  natur®  of  th® 
lawa  governing  supersonlc  flow,  eaeh  disturbanc®  ln  th®  gaa  stream 
la  propagatad  downetr«am  wlth  undiminlshed  intonalty»  Thla  makaa 
th®  obtainlng  of  good  experimental  condltlons  very  dlfflcult»  Fur- 
tharmor®,  «ach  supersonlc  veloclty  requlres  a  nozzl®  of  different 
ahap«;  th®  designing  and  making  of  such  nozzles  ls  one  of  th®  cru- 
clal  problams  ln  wind-tunnel  constructlon. 

In  ordor  to  translat®  wind-tunnel  results  to  actuality,  certaln 
rul®a  regardlng  the  models  must  b®  observed.  At  veloclti®a  below 
100  m/sec.,  the  air  is  präctically  incompressibl®,  and  th®  most  im¬ 
portant  rul®  is  that  the  Reynolds  numbers  must  be  id®ntical  in  th® 
wind-tunnel  and  in  practice.  At  supersonlc  velocitiea,  th®  import- 
anc®  of  th®  Reynolds  number  decreases,  and  th®  most  important  rul® 
is  that  th®  Mach  number  Ma  -  v/a  must  be  the  s&me  in  the  two  casea. 
(v  «  velocity  in  the  tunnel,  a  -  yelocity  of  sound  under  th®  con- 
ditions  in  question). 

2»  Requirements  for  the *  Wind  Tunn e 1 . 

At  th®  present  time,  the  upper  limit  of  velocitiea  for  projectil® 
development  liea  at  about  1200  m/sec.  Higher  velocitiea  would  be 
deslrable  in  the  tunnel  for  experimental  purpose. 

The  requirements  for  the  present  tunnel  accordingly  call  for  th® 
highest  attainable  Mach  numbers.  With  the  Aachen  experience  to 
build  on,  the  attaining  of  Ma  -  3  in  th®  present  tunnel  was  assur- 
ed,  and  higher  values  could  probably  b®  attained  upon  furthor  de¬ 
velopment. 

A  supplementary  requirement  was  the  rapid  completion  of  the  tunnel» 
Since  the  taking  of  many  data  was  planned  from  the  first,  every 
effojt  was  made  to  build  the  installation  so  that  long  serles  of 
mea3urements  could  be.  carried  out  rapidly. 

3.  Choice  of  the  Type  of  Tunnel» 

The  following  types  of  tunn  ela  are  knowm 
a)  Closed-cycle  Tunnel. 

The  closed  tunnel  in  which  the  air  is  oontinusously  circulated 
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by  blowers  Is  customary  for  low  velocities  (up  to  50  m/sec)  con- 

1  cerned  in  many  aircraft  applications.  The  first  supersonic  tunnel 
of  this  type  was  bullt  by  Ackeret  in  Zürich.  ^  similar  one  has 
been  built  in  Guidonia.  'Hie  advantage  of  this  type  is  that  of  a 
closed  Systems  the  air  is  easy  to  keep  d>y ,  nc  other  guses  may  be 
used,  the  latter  point  being  of  iuportar.ee  in  Experiments  intended 
for  jreat  altitudes  (Tu -ITC  km),  vhere.  the  «*  Opposition  of  the  air 
has  chan&ed.  Thcre  are  the  following  dieudvaiitageo.  The  b lower 
System  must  have  inuny  stades  and  be  flexible  enough  to  meet  v.ind- 
tunnel  requirenents;  such  an  Installation  would  have  been  slov;  to 
build.  Further,  very  little  was  known  in  detail  about  how  a  gas 
'stre&ra  behaves  in  such  a  tunnel.  For  example,  it  not  certain 
.how  rauch  of  the  kinetic  erergy  of  the  stream  could  bo  reconverted 
into  pressure  energy  after  the  strear..  had  passed  the  measuring 
Chamber.  And  finally,  Ackeret  reached  only  La  *  2.i  in  his  tunnel; 
it  was  not  possible  to  predict  how  much  more  development  would  be 
required  to  attain  higher  velocities.  The  closed  cycle  tunnel 
could  not  meet  the  requirements  in  the  present  case. 

b)  Open  Tunnel« 

In  open  tunnels,  a  vaeuum  pump  System  sucks  air  through  the  measu¬ 
ring  chaoiber  and  then  exhaust s  into  the  atmosphere.  The  pov/er 
available  is  a  decisive  factor,  for  the  pov/er  required  foi  a  super- 
sonic  wind  tunnel  is  of  a  higher  order  of  nagnitude  than  that  for 
the  usual  tunnel  intended  for  aircraft  applications:  cross-section 
of  the  nt  re  an  and  air  dencity  being  konstant,  the  pov/er  required 
increcses  as  the  eube  :f  the  vclocity  -  u  4u  x  40  cm  cross  section 
would  require  a  pumping  Station  of  about  40h0  ILv.  :,uch  a  Station 
was  not  available,  and  it  was  CGnsequeutly  necessaiy  to  design  the 
present  canal  for  intermittent  Operation,  thus  following  the  examp¬ 
le  set  by  Prandtl  in  Göttingen. 

An  intermittent  wind  tunnel,  40  x  40  cm,  can  be  bullt  v.ith  ROü  Kw 
available.  Furthermore,  the  experience  with  the  tvvo  Aachen  super- 
sonic  intermittent  tunnels  was  directly  applicable.  This  experien¬ 
ce  included  the  flow-determining  properties  of  the  tunnel,  the 
characterlstlcs  of  the  vaeuum  pumps,  and  the  constructional  de- 
tails  of  the  measuring  chamber.  The  sole  diawback  was  that  air  onlj| 
could  be  used;  the  dlsturbing  influence  of  water  was  removed  by 
drying  the  air  in  a  specially  developed  Installation. 
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4^mCftgratl°n  of  the  Supersonic  v;ind  Tunnel» 

a)  üperating  Principles  of  the  Entire  System. 

Fig.  i  is  a  schematic  diagram  of  the  wind  tunnel  installation  a 
planned.  The  40  x  40  cm  inte  mit  tent  tunnel  is  operating;  the 
20  x  20  cm  continuous  tunnel  is  under  conatruction. 

The  intermittent  Operation  of  the  40  x  40  cm  wind  tunnel  pro- 
ceeds  as  follows.  The  rapidly  acting  valve  between  the  vacuum 
re  so rvo ir  and  tlie  measuring  charaber  is  closed  so  that  the  pumps 
which  iun  continuously  and  exhaust  into  the  atmosi&re,  can  eva- 
cuate  the  forcier.  After  the  vacuum  necessary  for  the  particular 
iun  has  beeh  reached  (approximately,  90  %  vacuum  for  Ma  ■  1.5» 
and  9ß  /«  for  Ma  ■  3)»  this  valve  is  opened;  air  then  streams 
throügh  the  measuring  Chamber  into  the  reservoir.  By  meana  of 
the  displaceable  diffuser,  which  will  be  described  later,  it  is 
possible  to  maintain  the  velocity  of  the  gas  stream  strictly 
constant  for  a  definite  time,  even  th^ough  the  pressure  in  the 
reservoir  increases.  Düring  this  time,  which  ranges  from  18  to 
20  sec,,  depending  upon  the  velocity  of  the  air,  the  measure- 
ments  on  the  model  are  carried  out  in  the  measuring  chamber. 
Thereafter  the  rapidly  acting  valve  is  closed,  and  the  pumps 
proceed  to  evacuate  the  reservoir  anew.  Since  the  reservoir  is 
only  half-filled  in  the  course  of  an  experiment,  subsequent 
evacuations  after  the  first  are  more  rapid;  they  take  only  3  to 
5  minutes  depending  upon  the  vacuum  required. 

b)  Building  Plan. 

It  1-8  obviöus  from  Fig.  1  that  there  are  three  main  parts«  the 
experimental  room,  which  houses  the  tunnels;  the  reservoir  room; 
and  the  pump  room.  Sound-proofing  is  desirable  .  The  ports  at 
which  the  air  enters  the  tunnels  are  protected  by  concrete  struc 
tures  so  as  to  reduce  the  effect  of  the  weathef  on  the  incoming 
air.  The  rest  of  the  text  at  this  point  is  fairly  obvious  from 
Fig.  1. 

c)  The  Special  Processes  in  the  Measuring  d-cticr. 

Fig.  2  is  a  schematic  diagram  of  the  supersonic  tunnel  and  it 
shpea  the  sections  (described  below)  through  which  the  air 
paasea  from  right  to  left  when  the  rapidly  acting  valve  (SSS  - 
öchnellochluss-Schieber,,)  iß  opened  after  evacuation  of  the 
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yeaervoir.  Fig  3  ls  a  plcture  of  the  MUttrl&g 

air  flows  froro  left  to  right;  the  gl«««  wall  of  tfe* 
chamber  (oenter)  is  open;  the  displaceable  diffu**?  (VaftfüiV- 
Diffusor)  is  on  the  right;  at  the  left  is  the  carriage  f*y  Xm 
Schlieren  apparatus. 


The  suction  funnel  has  a  large  opening  so  that  the  entering  «ir 
rnoves  at  low  velocity,  thus  avoiding  both  turbulence  at  the  walle 
and  the  sucking  in  of  foreigi,  bodies.  A  '’collima  tor"  (to  Ineure 
parallel  air  flow)  is  part  of  the  suction  funnel. 


The  neasuring  chamber  contains  the  model  and  the  three-component 
balance  by  means  of  vvhich  the  l'orces  on  the  model  are  meaeurwd. 

A  paraLlel  air  strean  of  supersonic  velocity  is  generated  by 
the  laval  nrzzle.  This  stream  flows  freely  to  the  end  of  the 
chamber  and  is  then  gradually  converged  by  the  displaceable 
diffuser  vvith  niinimum  energy  loss. 


i-^^lacpable  diffuser  enables  one,  by  displacing  two  flexib- 
Le  sc..«l  sheets,  to  alter  the  cross  soction  of  the  air  streaa 
•jontir.uously  at  will.  The  Position  of  the  diffuser  in  Fig.  2  ie 
that  for  normal  Operation.  The  displaceable  diffuser  must  accoap- 
lish  these  ob.jects:  it  must  make  possible  the  establiehmant  in 
the  chamber  of  the  pressure  corresponding  to  the  various  Me  v&lu- 
es;  and  it  must  make  possible  the  maintaining  of  thic  pressure 
stri^tly  jjonstant  evtvi  th-'ugh  the  pressure  in  the  reeervoiy  im 
inc  i caoing  during  the  iuri.  This  second  function  ia  indispensable 
to  -u.-cessful  Operation  of  an  intermittent  tunnel;  the  decrease 
m  velocity  that  wculd  otherwise  occur  in  the  measuring  chamber 
couid  -  -  c  t  be  tolerated.  The  flow  in  the  converging  section  of 
the  "rlfuser  is  governed  by  the  boundary  layer  of  the  "recaptur- 
ed"  supersonic  streu*  that  had  muved  freely  through  the  measuring 
chajiiber.  In  the  diverLing  section,  a  Change  from  supersonic  to 
sub sonic  flow  takes  place  fnrough  the  occurence  of  a  shock  wave. 


!-•_  »■-'»  - 1-  Ion  c?  lion.  f 

’y  '  *  Üie.  tjlt:  -  1‘J  ,  f 

-  -  1  '  £.i.\ e;  i:.s  s  [. 

ribnBa  c-o,  -cd  hv-u 
n.  if  dchlis’-es  i- 

■  -  !- <  diffuaeß  must.  be 


.ne  Tieasjrinp  oh. unter  is  nsade  rectangular 
>uj ers onic  flow  (acccrding  to  which  the 
.-Ooiuned ;  is  knov.'n  only  for  the  two  dimen- 
lU:‘;e  giss*  pl  >j  L  e  :■  must  ins  lose  the  Laval 
••!*.oto^rti;hv  re  f  be  t-ken.  The  displace- 
it-ct ■  r.gular  for  ■? on-tiuctional  reasons. 
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X&  t he  tronsitlon  section,  the  cross  section  of  the  tunnel  chang- 
••  fron  rectangular  to  circular  at  the  SSS. 

S38«  The  rapidly  noting  valve  (SSS)  must  open  rupidly  at  the  be-  . 
glnning  of  a  run  so  as  to  make  the  entlre  cross  section  of  the 
tunnel  available  as  soon  as  poosible,  und  it  must  close  rapidly 
when  the  run  is  over  so  that  air  does  not  stream  unnecessarily 
into  the  reservoir. 

ft«  PlverRent  S*cUon  is  q  conic  v/hose  diameter  increases  from 
60U  to  1200  mm«  foward  the  end  of  a  run,  there  is  subsonic  flow 
in  this  section*  The  gradual  divergence  is  responsible  for  the 
good  reconversion  of  kine/tic  into  pressure  energy;  if  this  sec¬ 
tion  functions  satisfactorily,  the  time  available  for  a  good  run 
will  be  lengthened* 

The  Coropensator  (Sylphon  Bellows)  bctween  the  divergent  section 
and  the  vucuum  reservoir  is  inserted  to  take  up  changes  in  lengtl 
caused  by  pressure  and  temperature  differences. 

3« .  Choice  of  the  Fundamental  Dimension  s_and  lower  Plant 

a)  Cross  sectional  area. 

The  cross  section  of  the  gas  stream  is  the  fundamental  Parameter 
that  determines  the  size  of  the  wind  tunnel  and  of  the  t>ov.er 
plant,  and  hence  the  cost  of  the  entire  installation .  -This  cross 
section  is  in  tum  fixed  by  the  maximum  size  model  to  be  investi 
gated.  In  supersonic  tunnels,  the  maximum  length  of  the  model  is 
restricted  by  the  requirement  the  I._  *d  vvave  (the  shock  v.uve 

formed  at  the  forward  tip  does  not  strike  any  portion  of  the  mo¬ 
del  after  being  leflected  from  the  walls.  At  Mach  «  1.4,  this 
maximum  length  is  approximately  equal  to  the  diameter  of  the 
stream.  At  higher  *iach  numbers,  the  model  r.iay  be  longer  because 
the  angle  enclosed  by  the  shock  wave  is  ntore  acute;  for  lower 
Ma  values,  the  reverse  is  true.  At  the  sonic  velocity,  measure- 
ments  free  of  all  possible  objections  cannot  be  carried  out  in 
any  wind  tunnel,  no  matter  how  it  is  bullt,  for  at  that  velocity 
the  shock  v/aves  are  perpendicular  to  the  direct ion  of  the  gas 
stream  so  that  they  must  stiike  the  model  after  being  reflected 
from  the  walls  of  the  tunnel. 

In  order  to  obtain  preclae  measurements  of  the  forces  acting  on 
the  sraallest  parts  (e.g.,  stabilizing  vanes)  of  the  model,  it  i: 
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desirable  to  have  the  model  an  large  ae  possible. Furthermore, 
the  model  raust  bc  large  enough  to  pennit  the  drilling  of  enough 
holes  and  the  attuching  of  enough  iends  to  ir.e>:;ure  the  prersure 
distribution,  and  the  installing  of  themocouples  in  suffi-ient 
number.  Also,  precise  construction  is  easier  to  attain  r.ith  large 
models.  3ir.ce  large  modcls  require  large  wind  tunnels  (and,  hen- 
ce,  lurge  resources  for  builrling),  it  is  obvious  that  the  cross 
section  of  tunnel  final  ly  decided  upon  must  be  a  cor.ipro.nise  be- 
tween  technical  requirements  and  resources  avuilcble.  The  cross 
section  40  x  40  cm  was  chosen  so  that  models  rc.,ghly  40  cm  locg 
could  be  atudied  at  Ma  values  of  1.4  and  . nbove. 

b)  Vacuum  reservoir. 

Once  the  cross  section  is  fixed,  then  the  size  of  the  vacuum  i  e- 
servoir  is  deterained  by  the  length  of  run  desired;  that  is,  by 
the  length  of  time  during  which  the  volocity  »f  che  gas  sti-eam 
remains  absolutely  constant. 


The  shorter  the  time  in  which  a  measureraent  can  be  made,  the 
smalier  the  vacuum  reservoir  required.  In  order  to  shoiten  this 
time,  an  electroma’gne  tic  balance  was  bullt  such  that  a  "three- 
component"  aeasureaent  (lift,  drag,  pitch)  could  be  carried  out 
in  ü  -  IG  sec.  If  necessary,  the  results  can  be  recorded  on  an 
oscillograph.  In  order  to  have  enough  latitude  even  in  the  case 


of  difficult  measu le mente ,  the  time  of  a  juh  was  chosen  as  18  to 
20  sec.  After  due  consideration  of  the  c on Version  of  kinetic  to 
pressure  energy  at  these  values,  and  of  the  heat  generated  in 
the  vacuum  reservoir  by  the  gas  as  it  enters,  a  reservoir  of 
1000  m^  (diameter  12. 5  m)  was  chosen.  fhis  choice  perr.its  18  to 
2C-second  runs  at  Ma  «  1  to  3. 


c)  Vacuum  puraps. 

vVith  the  cross  section  of  the  streun  und  the  size  of  the  reser¬ 
voir  fixed,  the  puinping  capacity  required  depends  upon  how  short 
the  interval  between  the  20-second  runs  ia  to  be.  fhis  interval 
must  be  chosen  with  the  efficient  utilization  of  the  entire  In¬ 
stallation  in  mind.  There  is  no  point  in  having  pumps  pcwerful 
enough  to  complete  the  evacuation  of  the  reservoir  in  less  time 
than  is  required  to  prepare  the  wind  tunnel  for  the  next  run  and 
to  record  the  results  of  the  last,  fhree  to  six  minutes  seeraed 
a  reasonable  interval  to  select,  and  this  required  a  pumoing 
Bpe*d  of  routhly  45000  m*/hr. ,  and  power  to  tho  extent  of  800  kW 
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i:  Ui  enert  in  tu  be  :r.ade ,  the  tti.ie  of 
sec . ,  and  ,ne  In  Nerval  beiween  i ins 

d)  .'.ir/'  Tunnel  für  Tontinuwus  ~per^tiun. 

"he  ;  u:.ks  ivinL-  beer  selected  f>  r  intei-r.i  tted  urui stier  (n-c  u- 
tcve' ,  .v  .  s  cf  Interest  to  usk  how  large  a  wird  tunnel  could  be 
c:  tr:  *  ♦•d  cort  i  ru*'usV'  by  trer.e  puripn  at  J..a  vnlucs  aj-  to  * .  u'  on 
cor.:;-’“ ring  ' '  o  ••iri^ble  nerf or;..:»r:ce  cf  the  tunnel  ir  this  rur; ge 
an*  the  V'».ricvle  cupa-rity  cf  the  —.ir-ps  Sri  che  vüj  ious  ^  r^s-iures , 
onc  a^rivcs  ;.,t  >:  pn  ns  t  e  crcss  section  uf  such  a  tunr-.l, 

in  •  -};ich  up  Pc  er.  lang  ':ou,Ld  be  nuiicl.  tor  the  study 

;  hoat  t:  cf  er  :  ela  L cnshirr  '  in  the  skia  uf  projectilcs)  a 
oontinnousi;/  vntin^  v  b.d  tur  \  <*1  :  s  .  rticulerly  usefui.  ion- 
se.:uc*rc~y  *.  1  ■  entrinn  nr,  tunnel  was  fRnrffied  from  che 

firrt -  c:r.f*l  ...  be  .-oo-lrd  u  the  rame  vacuum  iustr- 

vcir,  ;ch,  ir.  Vre  e.-'fie  of  rontirucus  Operation,  will  serve  unly 
ac  n  v"jffc-r  to  str.octh  eut  i  rretÖl\.i*  pump  performance. 

C^sorijrtion_  ~f_jLne_  T.inrt _ Tarr-ol  -..•l  t_;.le  t  j  on . 

1.  V.  e  i;r::  lvr>r'J 

As  :■  4  ir-  I,  it  ir  riecessaiy.  ln  complete  J8  %  evacu- 

ation  f  >vp  ^000  m"'  reneryoir  in  gu’der  to  r^intain  .Vu  =  J.  ir.  the 
r irrt  furr.el  frr  ?  r.eo .  fhe  iir  Streaming  thi  oUfch  the  nieasuring 
nber  ir  ‘he  courre  f  a  run  rertuees  t;  e  vacuua  ln  the  rese.r- 
vriir  r;o  tbut  valoes  '■anglng  f rem  i>u  to  8^  /o  vacuuni  are  reached 
*  "  4i. °  cr.rt  of  a  j\in.  The  pumping  ir.stallation  auut  be  me  et  the 
rui  1  b .vi  r:{[  ;  e  ;u  i  r<:r- fen  t n  : 

.Vc.eun  icr.  c-f  V.o  :•'*  v  rv  ir  te  '}°j  ;b  v-t'^uura. 

)  p.it;  ing  t -ne  cf  about  b  rin.  betv-een  runa. 

-hiy  p*  r.  !.j,b  i  c  ■: pjir.t  Lun. 

These  i-e«iaireraenta  v.cre  met  by  se-iectint,  6  conventional  rotury 
c  onprennor'Ä'  ao  the  pflnpu.  These  are  divided  iuto  units  of  cne 
pair,  euch  f-air  b»iin^  driven  by  a  common  rnoior.  initial  ly,  t*he 
three  unlts  üp«; röte  «s  f>  cin^.le-u ta.^e  oom[>i,€Gsors.  Beyond  9Ü  % 
vaouir i,  the  f-'im;.  performance  rtr-ops  raj>idly;  cpnee^uently ,  tr.e 
hook-up  >f  the  piimps  is  chartert  at.  thut  point  so  that  P  pairs  of 
pumps  uper-iiQ  as  a  low-nreasure  sta&e  in  Serie«  v;ith  the*  thiixl 
u:3  a  !jLJi  A-rer»:iure  stn^c.  T>*ö  rtivlsion  of  the  punping  Installa¬ 
tion  lnto  severe  1  units  rs  -kes  for  rtcpenrtable  operution  uince 


If  >hiy  a  i.rLC-ooi,;  ment  me'.- 
a  ruh  ..ij-y  b^  sc  . r tc..ed  V:  1_ 
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Operation  of  the  tunnel  can  be  continued  in  the  event  of  a  pump 
or  motor  fuilure.  This  nnangement  doco  lengthen  the  time  between 
runs.  The  total  pumping  s;  eed  io  44400  n^/hr  (7400  m^/h r  per 
pump).  Becauue  of  the  unavoidably  imperfect  cealing  in  the  pumpm, 
the  performance  (ratio  of  the  volume  of  air  actually  displaced 
to  the  volucie  displaced  by  the  pumpe)  in  alwoy  less  than  1,  and 
Ginko  strongly  a t  low  preesures  (fit*  4),  as  the  follov/inß  pump- 
ing  speeds  ahows  with  single  stage  Operation,  36,400  m^/hr  at  60  Jt 
vacuum  and  09*600  jj^/hr  at  )0  %  vacuuin;  with  two-stage  Operation, 
25,200  m^/hr  at  90  %  vacuum  and  24,2^0  rn^’/hr  at  95  /»  vacuum.  The 
drop  in  performance  at  low  pre saures  is  relatively  small  in  the 
latter  as  compared  vvith  the  foraer  hook-up.  The  foliowing  table 
gives  the  times  required  to  attain  definite  pressures  with  the 
two  hook-ups;  the  data  for  Uhc  two-slage  Operation  begin  at  60  % 
vacuum  becaase  pre-evacuation  ±3  necessa ry  v.-ith  this  hook-up. 


Tine  to  tfeach  a  Definite  Vacuum. 


)o  Vacuum  Single 

stage  (min.) 

O-uhlc  Glace  (ein.) 

10 

u.14 

20 

u.  30 

50 

0.50 

40 

$*75 

— 

50 

1.05 

50 

1  .42 

( | .  00 

70 

1.36 

-.49 

80 

-.67 

1.25 

90 

or, 

4.71 

2 . 95 

ort 

V  •  01 

The  table  shovvs  that 

50  >.  vacuum  is 

re^ched  in  a  minute.  So  far 

as  the  Urne  schedule 

cf  runs  is  conc 

omed,  it  '  onsequently  does 

not  ..attcr  whether  the  vacuum  in  the 
at  the  end  of  a  ;  un. 

vesarveir  is  60  or  30  % 

L’h e  p u % p s  i-e  io  ven 

aj  i  CI*:-  tu  -h 

..:.i  :h  Las  a  2r/J  k.v  rating 

ot  6- «JO  volts,  v;;iich 

nnkes  the  total 

pc.vor  re  iiixct&ent  810  kW. 

The  pumps  sre  mountcd 

l  so  gc  t.Q  d  mp 

:  ut  v.ih.v:  1  lc;.a  Jg.nt  might 

o therv. ise  afiVc*  the 

biliding,  r.ncl  t< 

-  :  ov.r  tc  the  neasur- 

ing  chanber. 


703 


Z±  Controls. 


As  friß.  5  shows,  a  shut-off  valve  and  a  two-way  valve  are  naoe— 
ssary  to  Change  the  pumps  from  serlee  (single  stage)  to  parallel 
(double  stage)  Operation.  These  two  valves  are  electrically  dri- 
ven  since  they  huve  to  be  operated  often  and  rapldly.  Two  iani  al 
valves  are  Introduced  in  front  of  Pump  Units  2  and  3,  which  al- 
wa^s  operate  as  low  pressure  stages,  in  order  to  permit  Isolation 
of  a  unit  during  a  breakdown.  Finally,  jl  throttle  had  to  be  insert- 
ed  in  the  line  to  the  vacuura  reservoir  to  avoid  undesirable  press— 
ures  in  the  line  between  the  high  and  low  pressure  stages;  such 
pressures  night  occur  öaring  two-stage  Operation  if  the  reser¬ 
voir  fills  rapidly.  ;  sound  absorber  is  installed  in  front  of, 
and  another  behind  each  pair  of  puinps.  Sach  pair  of  pumps  is 
protected  by  an  air  filter.  The  oil  evaporating  at  the  high 
pressure  side  is  taken  out  io  jl  large  extent  by  a  trap.  The  in- 
stallation  is  flexible  enoj^L  so  th.it  it  :.iay  be  adapted  to  chang- 
ing  experimental  conditions. 

3»  Vacuum  Reservoir. 

The  walls  cf  the  roservoir  tenci  to  suck  in.  ßecause  the  load  in  a 
spherical  reservoir  is  unifornly  aistributed,  such  a  reservoir  is 
less  subject  to  this  difficalty  th  ir  a  cylinarical  one  wouid  be. 

A  spherical  reservoir,  ir.ternally  strengthened  to  give  rigidity, 
was  selected;  this  type  of  construction  tends  to  prevent  small 
aef ornat ions  that  night  give  rise  to  sucking-in.  In  this  way,  it 
was  possible  to  keep  the  wall  thickness  down  to  17  mm.  In  Order 
to  make  the  reservoir  vacuum-tight ,  the  eheets  were  butted  together 
with  inner  and  out er  reinforcing  strips,  the  whole  being  riveted 
sight  with  double  rivets.  \  vacuum  test  with  soap  bubbles  showed 
that  only  2  of  the  13»C0Ü  rivets  leaked.  All  rivets  and  overlapB 
were  forced  together.  To  fucilitato  continuouc  Observation  of  the 
reservoir,  a  novable  ladder  that  ca n  traverse  the  equator  of  the 
reservoir  was  installed.  Sylphon  beilows  to  take  up  expansions  and 
contractions  ciue  to  temperarare  or  pressure  difl'erences  are  installad 
at  the  entrur.ce  and  e::it  to  the  reservoir;  these  coaia  permit 
movement s  of  several  Inches  without  puting  a  strain  on  the  pipes. 

4.  Rapldly-actirig  valve  ( "üc-meilschluf— Schieber”  abbr.  .^SS) 

In  order  to  utilize  all  the  time  cf  u  2ü— second  blast  in  the  tun— 
nel,  it  was  necessary  to  insert  oetween  reservoir  and  meas^ring 
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chamber  a  rapidly  acting  valve  that  would  make  the  ent  Ire  cross 
section  of  the  trannel  accessible  to  gas  flow  wlthln  1  or  2  se- 
conds  The  conditions  peculiar  to  the  supersonlc  reglon  further 
require  that  the  open  valve  permlt  undisturbed  flow  of  the  gas; 
i.e.,  that  no  ahock  waves  are  formed.  And  the  valve  must  bs  tight 
when  closed.  It  was  bullt  as  a  rotary  valve,  as  a  simple  stop- 
cock.  The  valve  executes  rotary  motlon  for  opening  and  closing; 
and  vertlcal  motlon  to  prevent  leaks,  the  male  member  being  dropp- 
ed  to  seat  it  when  the  valve  is  closed.  The  drive  ls  electrlc. 

The  forces  exerted  by  the  air  on  the  male  member  are  extraoxdi- 
narily  strong  during  the  opening  and  closing  of  the  valve.  Their 
ma:,nitude  could  be  gauged  only  after  the  Operation  of  the  In¬ 
stallation  had  begun,  so  that  the  drive  required  for  the  rotation 
had  to  be  determined  by  actual  trial.  The  time  for  opening  (and 
for  closing)  is  1.2  sec.  A  suitable  electrical  braking  mechanisrn 
insures  that  the  valve  is  nevertheless  seated  so  gently  as  not  to 
shake  the  raeasuring  chamber  or  the  optical  Installation. 

5«  Kemote  Control  and  Switchboard. 

Since  the  whole  Installation  is  very  extensive,  reipote  control  of 
the  machines  and  valve s  from  near  the  measuring  chamber  was  nese- 
^.sary.  By  raeans  of  the  reraote  control  panel,  it  is  possible  to 
control  each  part  of  the  Installation  independently.  On'the  other 
hand,  a  fixed  control  is  provided  by  means  of  which  the  Changs 
from  parallel  to  serles  pumping  -  the  most  important  change  in 
normal  Operation  -  or  its  reserve,  can  be  accomplished  by  a  single 
Operation  (by  pressing  a  button).  In  Order  to  provide  an  instant- 
aneous  picture  of  the  Installation  in  Operation,  a  lighted  dis- 
gram  on  the  central  control  board  in  the  laboratory  ehowe  the 
Position  cT  all  the  v  lvc.s  md  of  the  throttle  on  the  vacisim  re- 
servoir,  and  shows  also  whether  the  machines  are  operating  pro* 
perly .  Apart  from  this,  there  are  special  automatic  safety  measuc*» 
es  for  the  pumps,  which  are  particularly  susceptlble  to  tronblo» 

These  automatic  safety  devices  control  the  tempere ture  of  the  exlt 
air,  the  pressure  of  the  exit  air,  the  flow  of  coeling  water,  ec* 
the  pressure  in  the  line  connecting  the  high  and  low  pressure 
stages  in  series  Operation  of  the  pumps.  In  all  caaos,  the  maehiae 
concemed  is  automatically  nhut  down  in  case  of  impropar  operetiom 
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IIi_The_Ueasuring_^2uipnent_of_the_;Vind_?unneli 

1_._  The_me  a  3urin_g_chaaber_and_  the_  _Lhree-c  omp onen  t__  b  a  1  anc  e_. 

The  measuring  chamber  witii  the  three-component  balance  and  the 
displaceable  diffuser  are  the  most  important  parts  of  the  ex¬ 
perimental  section  of  the  wind  tunnel.  fhe  structure  of  the 
measuring  Chamber  is  fixed  by  the  follov/ing  requii  er.ents  (see 
Figs.  2  and  3):  It  must  contain  the  i-aval  nozzle.  ;»eady  Opera¬ 
tion  of  the  tunnel  requires  an  easy  interchange  of  the  nozzle 
necessary  fcr  'iiffcrent  i.la  values;  this  was  attuinel  by  making 
a  3pecial  foundation  for  *the  nozzles.  Furthermore ,  tue  model 
nust  be  in  the  chaaber.  The  forces  acting  on  the  model  have  to 
be  tiansmittsd  to  the  three-component  balance  by  suitable  inter 
mediary  neabers  (see  Fig.  £>);  the  balance  itself  is  installed 
above  and  below  the  air  strean  in  the  measuring  chamber.  Four 
large  glass  planes  afford  an  unobstructed  hoiizontal  view  into 
the  chamber.  The  two  inner  panes  are  the  sides  of  the  Laval 
nozzle;  and  the  two  outer  panes  are  the  3ides  of  the  measuring 
chamber  itself.  In  this  wuy,  it  is  possible  to  observe  simul- 
taneously  (Schlieren  apparatus)  the  flow  through  the  nozzle  and 
the  flow  a round  the  model.  Because  the  panes  were  so  large  and 
carried  a  heavy  pressure  lcad,  safety  glass  strbntly  xesjCistant 
to  bending  was  used,  but  this  was  not  satisfuc tory  optically. 

It  was  therefore  replaced  by  thick-walled  plate  glass,  plane¬ 
parallel  pieces  cf  t h *'  best  cptical  quality  being  required.  The 
three-component  spring  balance  with  elec ti  omagnetic  registratiot 
is  shown  in  Fig.  6;  changes  in  the  inductances  of  choke  coils 
are  measured  in  a  bridge.  The  three  components  measured  are 
lift  and  two  drag  components  from  which  the  total  drag  can  be 
obtained  (by  addition)  and  the  pitching  moment  (by  subtraction) . 
All  parts  of  the  balance  are  in  the  air-tight  measuring  chamber. 

Cables  lead  from  the  chamber  to  the  extemally  located  electri- 
cal  Instruments.  By  slmply  changing  the  electrical  hookup,  4 
regions  of  different  sensitivity  may  be  obtathed  between  2  and 
18  Kg.  In  the  mechanical  construction  of  the  balunce,  it  is  im¬ 
portant  that  all  levers,  bearinge,  knife  edges  and  pans  be  re¬ 
placed  by  flat  springs  and  Steel  strips,  which  gives  great  sen- 
sitivity  and  precibion  along  with  robuat  c  on  struc  t  ion .  The  pre- 
cision  of  the  balance  is  0.3  %  of  the  maximum  valuej  a  change 
of  5  g  can  be  detected  in  the  most  sensitive  region.  This 
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fMMMfftQr  ««roaQrnaaib  iwqairement*,  «na  lt  1«  not«« 

iHMMpfr'  *mmm  t»«  WM«  i «  Tioleötly  «haken  owtng  to  «hock 
temper«t»r«  flactuatioo«  «t  th«  beglnnlng  and  ond  of 
WMH»  mto#  Xü  Order  to  reduce  the  effect  of  th«  alr  atreaa  on  th« 
balaac«  «na  on  th«  »edel  mount*  th«  portion«  of  the  balance  pro« 
jeetln«  lato  th«  measuring  chamber  wer«  baffled.The  force«  acting 
•n  th«  aountxng  oonld  not  b«  completely  ellmlnated;  thl«  necessl- 
tat««  measuring  ««parately  th«  forcea  acting  on  the  mounting, 
wh i.«h  fcaa  then  b«  subbrgeted  f rom  th«  forcea  actlng  on  the  moun¬ 
ting  and  aodel  to  giv«  the  forcea  acting  on  the  latter.  From  time 
to  tlaa»  th«  balano«  requlree  calibration,  for  which  a  special 
c&llbretlon  devlc«  ha«  b««n  bullt. 

fr,  laaAJ&SJUl*$* 

®*.  nossl.  bullt  lnto  the  measuring  c hinüber  must  accompllsh 

two  ©bject« * 

lt  nust  regulat«  the  apeed  of  the  entering  air  60  that  the  super- 
sonlo  velocity  deaired  1«  eetablished  in  the  measuring  Chamber. 
Bll«  object  i«  accöaplished  by  using  a  Laval  nozzle,  in  which  a 
coavergent-  1«  joined  to  a  divergent  section.  Sonic  velocity  is 
reachea  in  the  throat ,  and  supersonic  in  the  divergent  section. 
ln  eeofornanee  with  the  law«  of  aerodynaaics,  the  ratio  of  throat 
to  «xit  area  fixes  th«  valu«  of  the  supersonic  velocity  reached. 
Th«  sxlt  area  of  the  nosale  is  th«  area  of  the  measuring  chamber 
(«O  x  40  ca)«  ln  order  to  aitain  different  supersonic  velocitiea 
»«aauring  chaaber,  nozzle«  of  different  throat  araas  must 
thar«for«  fee  used« 

ffcrthexaor«,  th«  nozzle  «uat  t*gulate  the  flow  in  such  a  way  that  j 
th«  «Ir  str«aa  1«  parallel  to  the  axls  of  the  tunnel  and  of  c on— 
at«at  velocity  over  the  entire  cross  section  of  the  measuring 
ofe«aber  for  the  «ntlre  length  of  the  model.  Thie  object  is  attain- 
ed  hy  afcaping  the  nozzle  walle  in  accord  with  a  graphic  method  of 
Pzandtl  and  Buseaann ,  which  accompllshes  the  stepwlse  Integration 
of  two  slmultansous  partial  differential  equations.  This  means 
that  1«  the  case  of  super- so nie  flow  —  as  •  contrasted  with  sub— 
aonic  flow  -  the  nozzle  walle  must  follow  a  definitely  fixed  form 
at  every  point.  .The  making  of  the  nozzles  consequently  requires 
exoeptional  care.  The  theory  of  the  Prandtl  and  Busemann  method 
aesuaee  the  frictionless  flow  of  an  ideal  gas.  Since  air  is  not 
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*"*"***  fe**  **  *m*f*lly  MmttM  *sr  ,*i*#  Bok\t+* 
v*fc-4PMpfti  ifr fim  Or^il  **•»  tu«  orten*  ot  tt» 
tm»Mi|  vith  *1©  ÜMh  nuabor. 

**•*•  ?  «  ?H  M  R^Ml^  obboinoa  bgr  tho  Prondtl-Baoomonn  mothod 
föe  Mm  43Stwrm%  8*n h  .ambar«»  Zn  tbi«  mothod,  the  flow  (which 
1*  eontinnou»)  iß  brokom  uj>  Into  n  eories  of  amall,  discoatinuous 
4aapO|  diieh  occur  whaa  'tho  lipo«  in  tho  figuros  »re  crossod.  Tho 
toprOnont  Hnoh  wavos  in  which  small  but  finite  incroases  ln 
volocity  and  in  pressure  oecur.  In  tho  region  whero  these  Mach 
wavoa  aro  absont,  the  pressuro  and  flow  conditions  aro  constant; 
this  io  tho  rogion  in  which  the  model  is  to  be  studied. 

Fig.  12  and  13  aro  r© produc tlons  of  plastic  model s  that  show  tho 
incroaso  in  volocity  and  the  decrease  in  pressure  in  a  wind  tun- 
nol  nommlo  designed  according  to  Fig.  7  for  Ma.  -  1.57. 

Fig.  14  showa  one  half  of  a  similar  nozzle  (bla  -  5)  ready  to  be 
bullt  into  the  tunnel. 

Fig*  15  shows  half  of  such  a  nozzle  (Ma  ■  2.4)  in  rough  fom. 

3»  The  DlsplaceablaDlffuBer^ 

The  changing  from  one  velocity  to  another,  and  the  variable  pre¬ 
ssure  changes  in_  the  stream  that  accompany  changes  in  the  angular 
Position  of  the  model,  require  a  oonveniently  variable  cross- 
section  in  the  diffuser  (see  Fig.  2). 

This  requirement  is  net  by  inserting  flexible  Steel  sheets,  which 
may  be  bent  to  the  desired  degree  by  the  action  of  an  electric 
motor.  This  bending  and  the  3udden  pressure  changes  in  the  gas 
st:  eam  make  great  demands  upon  the  strength  of  the  Steel,  so 
that  Steel  of  high  quality  had  to  be  used.  B\  means  of  this  arron 
gement,  which  serves  as  a  coarse  adjustment,  regulalion  over  a 
wide  ränge  is  possible.  For  the  fine  ad justment,  a  special  thrott- 
ling  plate  is  built  into  the  displaceable  diffuser. 

4^_Develoj)ment_and_Construc  tion_of _the_ochlieren  Ar-^aru  tus . 
a)  General  Considerations . 

The  optical  arrangement  for  the  Observation  of  density  fluctuati 
ons  (Schlieren)  in  transparent  media  is  based  on  the  principle 
of  Toepler's  SchLieren  method.  The  following  considerations 
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govemed  the  choice  of  the  various  componentE  of  the  optical 

System. 


In  t  e  pre&Tmt  «vjpcröonic  tunnel,  the  40  x  40  cm  uir  stream  must 
be  ticul  >u3iy .  ytirailel  if  preu ise  experimental  lesulte  are  to 
te  ootL^iied .  ,'ith  the  bchJ.ieren  melhod,  it  ia  pouslble  to  recog— 
..ize  ur.j  i'  t  o'a  i  -C.nl  ari  Ly  due  to  an  inevac tnesc  in  the  nozzle 
.11.  I.  '■■i Tn  w.^y ,  it  is  possible,  by  eoxrecting  Lhis  inexactnee* 
fc  ^riRiyl ine”  ine  ncszle  uutil  the  flow  is  pai-uLlel  and  free 
‘Von;  •Jizt-.it'tnnces.  .tl.er  methods,  -v/hioh  ire  applicable  in  r,ub- 
:o  A  :  .t’j  Stfls,  fail  hero  becnuse  evei-y  .^echsnical  me.isuring  de- 
’v.2  izct-jrbu  the  öu^ersonic  flow  and  thus  diotorts  the  real 
rv>-*  Q?  ff-ir-.  Light,  of  course,  has  no  such  di sturbing  effect 

?!-:inco  the  tunnel  is  tO  cra  ./ido »  it  is  important  zhnt  the  light 
b©^  bo  parallel  and  perperdicular  in  direct ion  to  the  axis  of 
the  nro-.u'ing  -halber;  othur.;ise,  Lhe  irregulär! tios  in  the  air 
flc-'A  cannct  be  pverisely  Iconted.  konvergent  beams  Cannot  be 
hsed.  ln  ovder  to  oMain  the  kichert  poscible  precision,  the  appee 
ratus  must  be  nade  extremely  sensitive.  Calculations  gave  5  m  ap 
■|^propriate  focal  lengthe  for  the  eptical  System. 

It  is  desirable  to  liave  a  field  of  view  Rouewhat  1 arger  than  the 
maxiniuin  .  length  of  the  model,  which  in  the  presoct  case  is  about 
40  cu;  under  these  condistions,  the  flow  pattern  around  the  en- 
tire  model  can  be  observed  at  once.  A  50  cm  field  was  chpsen. 

b)  Optics. 

■jo  cenerafe  paral  lei  light,  2  objectivea  or  2  concave  mirrora 
could  be  used.  Objectives  were  dismlssed  be cause  they  have  the 
foliowing  disadvantagea:  Chromatic  aborration,  .und  Schlieren  in 
the  gluss  and  in  the  cementing  l^yera.  Two  concave  mirrora  wer« 
accordingly  selected.  In  spite  of  the  spherical  and  astlginatic 
eri-ors  of  these  nlrrors,  it  was  pog&ible  to  culculate  their  Inter- 
watiun  in  such  a  way  us  to  obtain  che  best  rtsulu  poseibl#  with 
t.hia  optical  method.  Phc  lesults  of  the  culculatlono  are  given 
in  the  foliowing  sec t ion.  The  one  min  or  is  spherical;  the  other, 
aiightLy  deforraed.  The  correction  of  t.heee  two  r.iiiroro  was  carri- 
ed  to  the  limited  of  geouetrical  oplics.  The  nirror  System  itaelf 
was  constructed  by  Zeise,  the  work  heing  of  the  highe st  quelity. 
Th.is  type  of  opticalsystem  was  applied  for  the  firet  time  in  the 


present  pioject.* 


Fig.  16  is  a  schemetic  diagram  of  the  optical  System.  An  are  lamp 

controlied  by  a  watch  nechanism,  illuminates  a  slit  through  a 

condensing  lens.  The  slit  is  located  at  the  focus  of  the  first 

concave  mirror,  the  parallel  light  fron  v/hich  truVerses  the  mea- 

suring  chtjnber  to  fall  upon  the  second  concave  mirror,  from  where 

lt  is  reflected  |p  rtrike  the  Schlieren  edge.  In  order  to  avoid 

large  engl es  of  ~cflection  at  the  concave  nirrors!  a  plane  mirror 

anotlier 

is  inserted  ca. :t.  bchind  the  slit  andVca.50  cm  in  front  of  the 
Sehlierm  c-.ige;  these  plane  mirrors  can  be  brought  very  close  to 
the  parallel  light  beam.  The  light  finally  enterb  the  objective 
of  a  special  camera,  on  the  ground  glass  plate  of  which  the  Bit« 
of  the  image  of  the  nodel  can  be  adju3ted.  The  sensitivity  of 
v/hich  .the  arrangement  is  capable  shown  in  Fig.  17*  Note  that  the 
field  (dianeter  50  cm)  is  uniformly  illuninated ,  and  that  the 
ochlieren  produc ed  by  the  heat  from  a  hand  are  cleorly  visible. 

)  Oalculation  of  the  Optical  System.  » 

T.vo  questions  had  to  be  settled  before  the  mirror  3ystem  JuBt  des-* 
cribed  could  be  adopted.  'The  first  asks  how  Sharp  an  image  is 
formed  in  the  System  by  an  llluminated  slit.  The  light  rays  from 
a  point  do  not  intersect  in  a  point,  but  in  a  bündle  whoee  small* 
est  diaraeter  i3  still  finite  (see  Fig.  18).  The  width  b  of  this 
bündle  determinee  the  sensitivity  of  the  optical  System.  The  ae- 
cond  question  is  v/hether  the  Mach  angle  produc  ed  in  s  gas  stream 
can  be  reproduced  without  distortion.  The  reproducibility  of  the 
Mach  angle ^must  he  calcul&ted  eince  this  angle  is  used  to  obtalA 
the  velocity  distrlbution  in  the  noseles  to  be  used  in  the  wind 
tunnel. 

Sharpnesa  of  the  In^aae. 

Spherical  rairrore  of  5  «  focsl  length  were  at  first  lnvestlgatedi 
these  were  to  be  eet  up  10  m  apart  (eee  Fig.  19)«  Their  optical 
axes  were  to  be  parallel  and  displaced  to  Buch  an  extent  that 
thoy  made  the  smalleat  practicable  angle  £  with  s,  the  lind  com» 
necting  the  mid-points  of  the  mirrors.  £  -  2°  oould  be  attalned» 

The  Image  would  be  ideally  sharp  with  parallel  Illumination  of 
the  measuring  chamber.  if  the  light  raye  emanating  from  every 


POIBI  of  Mtt£0«  OOttXA  b#  XWUfclted  lA  •  pAÜt  «r^  flfUlUNl 
froa  both  mirrora*  It  war  aot  knovm  wo  whae  oagxwe  -eo  wppreoauR 
tlon  thee  requireaents  could  t>a  reell red»  calcvlatMl  g Mb  g 
miniaua  wldth  b  of  about  52 OM  Tor  tha  loaga  of  a  poigt  With  pg* 
raXlal  Illumination.  This  rasult  wag  unsatlafaotory,  Zt  provad 
posslble,  however,  to  find  a  posltion  for  the  light  gaurea  (o0b* 
sidarad  aa  a  polnt)  such  that  tha  dlvergtaoe  froa  tha  lins  af 
oantars  s  did  not  exceed  8  minutaa  of  arc  for  aay  light  ray  he- 
tween  tha  two  mirrors.  Thus  tha  value  of  b  could  ba  raducad  to 
84 /i  •  It  was  than  Invast igatad  whathar  b  could  ba  daaraaaad  für 
thar  by  tha  lntroduction  of  parabolio  airrora  p/2  *  5  a.  Here 
also  tha  use  of  preclsely  parallel  light  betwean  th«  airrora 
provad  to  ba  unfavorable. 

For  the  special  posltion  (mentlonad  abora)  of  tha  light  source, 
tha  following  results  wäre  obtalnedt 

Light  source  -  Spherical  Uirror  -  Parabolic  Uirror  -  logge 

b  .»  57 fJL 

Light  source  -  Parabolic  Uirror  -  Spherical  Uirror  ^  Image 

b  -  41yU 

Light  source  -  Parabolic  Uirror  -  Parabolle  Uirror  -  Image 

b  -26^. 

The  last  caae  also  gave  tha  moat  favorabla  light  distrlbution. 
When  tha  Schlieren  edge  le  brought  Into  tha  narrowest  aaotlott  of 
the  light  beam,  a  uniform  darkening  of  the  fleld  is  to  ba  expect- 
ad*  This  expectation  was  realized  practically  (see  Fig.  17)*  Ottt 
spherical  mirrors,  on  tha  other  hand,  half-noon  shaped  sonea  of 
varying  intensity  were  formad  when  tha  Schlieren  «dge  wae  intro- 
duced.  To  suiamariza s  the  calculations  3howed  that  b  could  ba  re- 
duced  froa  320  to  28 Jjl  by  choosing  a  suitable  optioal  arrangement 
and  this  raeans  a  corresponding  increase  in  tha  seneitivity  of  thw 
app&ratus • 

The  queotion  rdiaalned  open  whether  evan  bettar  results  could  not 
be  obtalned  with  a  different  posltion  of  tha  light  source.  Zeise ( 
who  had  initially  advised  against  the  usa  of  two  concave  airrora 
and  recomoended  only  one  insteäd,  have  carried  out  Oalculatlons 
on  a  two-aiirror  System  on  tha  baais  of  tha  foregoing  results. 

Two  mirrors  wera  finally  producad,  one  of  which.  was  spherical, 
the  other  being  deformed  bayond  the  parabolic  shape.  This  plag 
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«nmüim^  wm  öt  th*  ipu^  %, 

v ...  t®  tha 

I*»*^»**»  W  W«&*«  th©  iitfii  w*&d  ha  w;«  ftpMdUj  a&aofae* 
£*<*••♦  i«ln«  b  • .  13  •*•  oorraapoäd©  roughly  b©  tha  ®i*r;  of  tfec 
wt^tlaa  #A®*  f«r  th®  f©c*l  rnio  <1  $  10)  of  the  mlrrorai 

t®**«hc!*w1i|&at  th®  ©p*$**l  ayatan  filmte  aotually  raaohe® 
«At/itaitti  efimtin««!  pptib®»  ‘ 


**•  «fcUi  «üil«  (CO  ^  1^  55»  57")  oubteaded  *t  th# 
$®&te»  ©f  t*®  »phere  by  the  «s$b«ne*l  »irrer  is  veiy  *Äil  „  and 
fiiaft«  «fcly  light  r®y®  near  th©  axia  are  in  question,  it  saaaad 
äuatifiable  to  baa«  th©  oalculation  ©n  the  siapl®  ralationship 
*J/h  ♦  1/ß  •  1/f*  Parallel  Illumination  of  th©  measuring,  chambar 
|r«La  aaausadu 


1 Sb»  'tooh  r&tUjU  lü  half  th®  iaterlor  «fls  of  a  ©on©.  Tha  rela- 
$$*»  öf  ttlM  tc  th»  laifhjut*  fötted  by  th*  apharlcal  mirror 

%m  hfeääi  «fc*&  föj®  r:«sae«  th®  wti®  of  this  ©«&#  to  h«  in 

4M  homohtftl  £Mt*#  ttaMgh  th®  Pf  t#j*  uw.irina  eh&mbsr. 

flMSWN  «5ä si%®  «*e  not  appsreaiably  tih©rg®fl  If  thl«  axis  1«  plac- 
sd  ih  ®ay  P*h®r  parallel  paos®.  IfiiÄC;  th®  &#&*»*$&$  ©halber; 
Mfc»r  paadtioa»  of  t£ß®  *xi®  de  not  eocur  in  practica. 

ä««um©  a  coordinate  System  (Fig.  20)  with  its  origin  ln  tha  cea- 
t®r  of  tha  surfac©  of  th©  mirror  and  its  x-axis  coinciding  with 
tha  optical  axl®.  Ona  than  has 

/_  gqaa-rt  - &y,tgq* 

*  ~  (ZA-r)*c*t*S+rt4intS+ttt$Caa-r)-ZystfSJ*' 

(r  is  th©  radius  of  th©  spherical  mirror;  xQ  and  y  ar©  th©  coor- 
rtin&tas  of  P,  th©  vertax  of  the  schock  wave;  the  relation  xfl  + 
y8  tg£  «  a'ie  valid.) 

For  ©vary  value  of  the  dietanc©  a,  ther«  ie  acc ording  to  Equatioc 
1,  an  ordinat©  Xa*  .corresponding  to  a  Position  of  the  Uach  wave 
for  which  the  Mach  angle  will  ba  truly  reproducod. 
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a»  the  diatanae  fron  the  Center  of  the  mirror  to  the  point 
•^aato  tb«  aada  of  th«  Mach  cone  intereects  the  optical  axia,  is 
appreximately  «quäl  to  th«  focal  length  f  of  the  mirror,  then  y* 
approxinately  «quäl«  -  r/2  (.  -  5»CO  ca).  This  leads  to  the  c onc- 
lusloa  that  «  tme  Image  of  the  Mach  angle  cannot  be  formed  by 
on«  concave  mirror  alone. 

But  this  difficulty  is  alaost  entirely  mlizninated  by  the  objecti- 
v«  of  the  camera.  If  th«  objective  is  plsced  at  the  distance 
t  •  r/2  froa  the  Center  S1,  then  the  dat^of  the  follov/ing  table 
apply  for  a  Mach  angle  of  90° s 


Lena  radius 

i 

‘  <5 

~  r  ~  r 

A 

B 

C 

r 

2»6»  1 

2*6' '  • 

2*6'  ’ 

r/2 

3#3V 

0 ' 31  •  • 

-2 '29' * 

r/10 

5'26" 

<0*2 '  » 

“5*23** 

3k  and  C  aro  the  two  points 

of  intersection  between  the 

tho  Mach  eone  and  the  boundarles  of 

the  field 

of  view, 

pQl&t  aidiwgr  between  thea  in  the  measuring  chamber.  The 

oqpall^r  a  *  f  1«  aaaumed. 

Tfc*  tahl«  ahowe  th«  diatortion  to  b«  negligible.  It  ia  tru«  that 
ftM*»-lmac#  of  the  Mach  angle  ia  formed  in  a  plane  making  an  angle 
itoat  2  «dth  th«  plane  of  the  lens.  The  ground  glaso  plate 
th* -*a**ra  mit  be  dlsplaoed  relative  to  the  lens  by  thie  ang- 
«hmniahaa  to  avold  the  sllght  error  to  v/hich  this  angle 
'gifte  rleo* 

äi  $e bitteytotiäa  of  th«  Optical  System. 

r  *'  ■'  y  '  ■  v ; 

flllwlfig  c onsldarat lona  gorerned  the  constructlon  of  the 

fc&tftftal  tyet«Lo 

ontlre  apparatua  must  b«  easy  to  move  up  and  down,  and  «long 
t^*  lusasuring  chamber  ao  that  every  point  in  the  chamber  can  be 
oo&tefod  3a  th«  field  of  view.  This  problea  was  solved  hy  aount- 
ihgth«  apparatua  on  a  carriage  that  is  moved  parallel  to  the 
efenfe**  aloag  raila  by  an  electrio  aotori  a  cecond  mctor  ralaea 
t^o  optical  ayatea  vertically  on  the  carriage.  .Both  Uaplacement« 
ooatrolled  froa  the  Observation  Btand  at  the  ceaera. 
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The  optical  System  has  to  aerve  two  wind  tunnel s  in  the  sawe 
room.  It  is  fefterefore  aounted  so  that  it  muj  be  simply  picket  up 
complete  with  carriage  by  ©  crane  for  transfer  fron:  one  tunnel 
to  the  other.  .rtealignracnt  of  the  optical  syc tnm  i  '  net  necessary 
either  after  displncing  it  along  tlie  rails  or  rai^lng  it  with 
the  c rare. 

The  light  path  rust  be  coraoletely  baffled  aeainst  disturbances 
by  air  current s  outside  the  tunnel,  euch  disturbances  could  be  * 
extreme ly  eerious.  The  optical  system  was  planned  so  that  even 
the  two  mirrors  ave  conpletely  covered-;  only  the  light  source 
and  caneva  are  accessible. 

’Ä’ith  the  relatively  long  light  path  of  20  in,  the  apparatus  is 
perticul arly  sensitive  to  shock.  It  must  t'nerefore  be  protected  • 
so  far  ae  possible  against  shock  and  against  the  excitation,  of 
resonant  fi  equencies.  Kloor  and  wind  tunneD  v;ere  acoordUigly 
shock-proofed  v/ith  particular  caro. 

5*  _hl.ee tric <i Power.  Supply . 

ilec tiical  meaour^Lientß  play  a  large  part-irr  .vind  tunnel  Opera¬ 
tion;  e«g.,  tho  three-c omponent  balance,  the  el6C  tro-ingnetic 
pressure  gauges,  the  high  voltage  spark  for  the  Schlieren  photo  — 
graphs,  the  oscillographic  recording  of  rapidly  changing  process-i 
ee.  In  Order  to  have  available  the  various  kinds  of  electric 
power  zequirod,  a  power  Station  was  specielly  designed  for  wind 
tunnel  operctior-.  It  includes  batteiiec  end  suituble  Converters, 
and  a  c*ntrel  bcard  by  me  ans  of  which  the  various  kinds  of  power 

c«n  be  tranferred  to  the  various  laboratories.  In  order  to  avoid 
( 

the  l&ylng  of  temporary  lines,  electrlcal  conductorc  in  e&sily 
accesslble  duets  connect  the  individual  roons.  Wortby  of  partlou- 
lar  mentlon  ls  the  Converter  delivered  by  the  Aerodynamic  Insti¬ 
tute,  Göttingen,  for  three-phase  current  in  frequencies  from  80 
to  500  Herts«  V?ith  this  power  söuroe,  it  ls  possible  to  operate 
•mall  high-epeed  aotors,  which  are  to  be  uoed  fer  experimenta  ! 
with  rotating  (up  to  50,000  r-p-m-)  modelo  of  projoctilee.  The 
ußual  current  ©nd  voltages  are  ©Iso  available. 


Investigation*  of  Pi©  Grsnad®*  ( »f  3Lttg*Wi n*©*  )  «uä  $MF - 

th®  Sup®r#onia  äfeglotu 

Ix-SSlä  3t;aEne..m^-a..?U.3^ 

Th®  stabilization  of  the  projoctile  is  t&®  fundamental  tqpq&  *ä  of; 
«xternal  ballist ioa.  ünly  &  stahl*  pröjedtll«#  who©«  axis  .cf 
least  resistanoe  coincides  -  at  least  approxlmately  -  rith  its 
trajectory  can  develop  extreme  rangas*  and  fellow  a  predietablä 
trajectory,  the  latter  being  a  nece&eary  pre re qu leite  for  hittifig'1 
the  target.  Simply  expressed,  a  projectile  la  etable  when  lt  al- 
waye  flies  "nooe  forward".  It  ie  unstaoie  when  the  angle  bet rW*«a 
the  axla  and  the  trajectory  tends  to  ine rec.ce |  thie  usually  leadA 
to  uncontrolled  motions  and  to  tumbling.  The  way  in  %*iich  Stabili¬ 
sation  is  achieved  differs  znarkedly  depending  upon  whethsr  the 
projectile  is  spin  or  fin  stabilized. 

Fig.  21  shov/s  a  fin  grenade  whose  axis  A  has  been  displaced  as 
the  rosult  of  a  pei'turbation  until  it  makea  the  angle  a  with  x, 
the  tangent  to  the  trajectory§  because  the  airacts  diagonally, 
a  resultant  aerodynamic  force  R  is  produced.  Depending  upon  vrtie— 
ther  the  vector  H  intersects  the  axis  of  the  projectile  in  front 
of  or  behind  the  center  of  gravity  S,  there  is  instability  or 
stsbility.  Thio  point  of  intersection  will  be  called  the  center 
of  pressuro  ("Luftangriff «punkt")  L.  In  the  case  of  the  fin  gre- 
nade  of  Fig,  21,  L  lies  behind  S  owing  to  the  action  of  the  fins. 
The  resulting  Moment  of  the  aerodynamic  forces  rotutes  the  gre- 
Bade  of  J>  Aloe  behind.  fi  ewlng  to  the  aetion  of  frhw 

igfae  reouitiin$j  wemont  of-  uhe  aopedyne»ie-4^»Poe8  rotatec  the  ges— 

nade  counter-clockwiee  about  G  so  that  the  axis  of  the  projectile 
again  approaches  Ilie  tungent  to  the  trajectory.  The  perturbation 
is  compensated  by  the  aerodynamic  force  on  the  projectllej  we  say 
that  tne  projoctile  is  "fin-stabilized" .  Hot  every  projectlle 
equipped  with  fine  is  1 in-3tabilized|  the  attaining  of  euch  sfcu- 
bility  deponds  upon  the  arrangemenfc ,  form  and  size  of  the  fins, 
and  upon  sinilar  properties  of  the  projectile  proper,  v/liich  nust 
guide  the  (undisturbed)  uir  flow  so  that  the  fins  can  "take  hold" 

Fig.  21  also  bliows  instability  for  the  case  of  a  projectile  wlth- 
out  fins  and  without  spin.  Because  there  nre  no  f-ins,  L  is  in 
front  of  G  and  in  tue  nose  of  the  projoctile.  The  reaulting  mo- 
ment  about  G>  cuuecs  a  clockv.ise  rotation  that  tends  to  increase  a 
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XB  thim  way,  th*  oxla  or  t na  projectile  m*y  b®  placed  acroaa  tha 
taaccar.t  to  tha  trejectory. 

Ba#  pa eitlen  of  tha  center  of  pressure  dependß  of  tha  ehape  of 
tha  projectile  and  upon  tha  charaetaristlcs  of  the  fln  assembly« 
Furthermore,  it  msy  movc  forward  or  backward  with  the  angle  of 
att&ck;  it*  poeition  also  dopend©  on  the  velocity.  Soraetimea  one 
obeerves  an  appreciable  movement  forward  of  the  center  of  pressu¬ 
re  in  f in-stabilised  projectiles  as  they  move  fron  the  subsonic 
into.the  supersonic  region.  Pin  grenades  that  are  sufficiently 
stable  in  the  subsonic  region  need  not  be  ntabl.e  if  they  are  fir- 
ed  at  supersonic  velo-ities.  Wind ■ tunnel  investigations  have  been 
carried  out  to  show  that  fir_  r.rabiliivition  of  such  projectiles  in 
the  supersonic  icgion  is  poo.'ible  (sea  Viß*.  JA\%  3?,  35,  36).  The 
correctness  cf  the  re^ultc  of  these  ir.v.  stl^w.-tious  /;as  decionstrat- 
ed  in  suitable  experiments  with  similar  bodien  flpitiL  throu’gh 
space . 

In  the  case  of  noimal  spin-stabilizod  pro  jee  '"ile?.  v.ithout  fins, 

•  the  nr.gulcxr  ;»c.  itntiun  of  the  projectile,  v.-hich  tend.j  to  maintain 
the  Position  of  t''e  actis  in  .space,  counteractp  tv.e  aerodynamic 
forces  !’ at  tai.l.  tu  u.ake  i;he  pro  jeetile  unsrable.  Tn  «ddition  to 
the  '  ecu Itant  H  shown  in  j?ig.  21 ,  the  spin  produces  another  aero- 
dynamic  force,  tiu-  so-cal led  :ia*j,mis  force.  Jf  the  proper  sein  is 
chosen,  the  projectile  obeys  ueither  the  aeiodynar.ic  forces  aakinfl 
fcr  instabil! ty,  nov  the  spin  forces  ter^inj,  J.o  Jeep  the  axis 
criented,  bui  its  axis  ter.do  by  m  d  laige  to  follow  Lhe  tangent 
to  he  t ■_  j^ec  Lo:.‘k,  .  The  intt ivu.\ion  of  aeiodynawic  find  r.pin  forces 
c  snr.licrvtcy;  i-pin  .  ‘cd: ili zaL  i.cn.  dt  io  ocr, .lequently  to  be  expected 
t ]  fit  y  q  re ü!.l  t..  of  rind  Lunnel  inv^stigation s  will  b<-  cai'.ier  to 
apply  wucoc;::;- VII  j  Ir  l'..-.,  .cn-ie  of  fin  iafi  ?  Ion. 

2 •  ’VjL n 3  ^Vr-r. e  1  tiwj: f  or  ::  (F 1; .  (\ i  f r-  ade  . 

a)  di  r  fuL-ws  of  Lh.-  .  lo.v. 

IL  io  clear  ij-::.;:  .Vor.  len  1  pW.  the  „..jrj  ::ion  of  Lht  owder  of 
pre.n-i&re  must:  be  Kaown  in  relutioii  ':o  rhe  ccr.  „t:  ul  L.J.-vity  if 
questions  inyolving  stability  are  fr.  be "  :e -t itd .  Bj  .f.c  use  of 
the  oupersonic  bind  tannel  it  J  w  po:'C Ibl c  to  wo  the  nagni— 

tude,  dlvecLJon  and  iir.e  of  rftack  of  the  aeredyn  mic  f<*rcos  that 
arise  at  various  velocities  and  angles  of  irhlieron  pic- 

tures  and  three  oomponent  nreasur*ements  on  the  model  of  a  fin 
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grenade  (Fig.  22)  will  no»  be  presented.  rhe  investigations  wo  re 
Carried  out  at  Ma  -1,4  and  1,8. 

The  results  ure  pi  eliminary ,  for  the  iunnel  Lg3  o nly  beer  in  ope- 
. aticn  'fcr  &  short  virne.  The  rcguiarly  Spaced  .«lach  wavea  in  Uie 
ochlioren  ph.  togiaghs  originale  from  specially  producea  i uugh- 
nesses  in  thfc  J  oval  nozzles;  tkey  are  plio tographed  iri  order  to 
make  posnlble  a  deteimination  of  the  velocit;y  distribution . 

Figs.  ?3,  24  and  25  are  Schlieren  photographs  i'or  ;*g  -  1,4  and 
the  ar  cles  cf  attoT'*  6°,  6°  and  12°;  i'igs.  26,  27  and  28  aie  1  or 
the  ame  ang len  and  »  1,8.  One  observes  the  strong  shock  wave 
at  the  tip  of  the  piojectile;  at  Lla  »  1,4,  the  curvature  of  the 
wave  is  particularly  pronounced.  The  resistance  of  the  fin  assemb- 
ly  gives  i-ir-e  to  the  shock  v/aves  that  emanute  from  the  tail  of 
the  proiectile .  The  boundaiy  layer,  which  is  heated  by  fiiction, 
is  also  visible;  in  aocord  with  the  position  of  the  Schlieren  ed- 
ge,  this  layer  is  dark  on  the  upper  side  of  the  grenude,  and  \.hite 
on  the  lower,  hoticeable  fuither  is  the  way  in  v.hich  the  air 
stream  diverges  from  the  model  behind  the  equator  of  the  head; 
this  divergence  occuis  further  reaiv.ard  at  ha  «  1,8  that;  at  Sa  - 
1,4.  One  observes  that,  at  °Cm  o°,  the  stream  diverLing  at  the 
hoad  is  recaptured  before  it  reaches  the  fin  acsembly,  v.hich 
means  that  the  fins  ave  doing  their  job  well.  As  o<-  increases,  t ha 
flow  obviously  becomes  unsymmetrical ;  atOC  -  12°,  the  gas  stream 
escupea  completely  from  the  projeotile  on  the  under  r.ide,  -Ahile 
it  adheres  well  on  the  upper. 

b  )  Measurements_of-_the^Forces . 

Measurements  of  the  forces  ncting  on  the  fin  grenade  (Fig.  22) 
model  v;ere  likewise  carried  out  at  Ma  -  1,4  and  1,8  (see  Figs. 

^9  ~  56)»  As  lig.  6  ohows,  the  resultant  of  the  aeiodynamic  forc— 
es  acting  on  the  model  is  resolved  into  5  components  by  the  3- 
component  balance.  The  force  A,  perpendicular  to  the  gas  stream 
Clift)  is  measured  directly.  The  force,  t,  in  the  diiection  of 
flow  (total  drag)  is  resolved  into  2  components,  whose  sum  equals 
W  and  whose  difi'erence  is  proportional  to  K,  the  pitching  moment. 

The  reaults  nv«  presented  in  dimensionless  form  as  is  usual  in 
ae rodynamic s • The  drag  coefficient  is  c 

w 
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w 


th®  lift  coefficient  las  c 


Cf  -  air  density,  v  »  wind  tunnel  (or  flieht)  velocity,  F  *  cross 
sectlonal  arsa  &t  th®  point  of  la'rgest  caliber  d. ) 

Ae  Flgs.  2 9  and  53  ßhow,  cw  has  an  upproxlmately  quadratie  de- 
pendence  on^C.  At  &C  •  1Q°,  cw  is  about  25  %  greater  than  at  06  « 

O  .  The  drag  coefficient  decreasea  with  increasing  Ma»  which  is 
in  accord  with  previous  experience  in  ballistics.  The  lift,  (Figs. 
30  and  54)  is  roübhly  propoitional  to  et  and  almoet  independent 
of  tfa.  unc  3ees  that  there  is  appreciable  lift  even  at  low  values 
of«ts  the  lift  at  o<ri0o$  for  example,  is  iouLhly  ecual  to  the 
drag  Bit  oL  m  o°. 


'm*  umml  dlÄ^nsionless  aerodjnamic  coefficient,  cB,  for  the 
p&tehlng  mornent 


cm  "  “^T 


-£  v2Fd 


*Ü1  üot  be  esployed'  slnce  it  presupposes  a  reference  point  for 
th®  aoaent  K.  Ae  concems  stabil i za tion,  this  mornent  must  be  re- 
fsvred  to  th®  conter  of  gravi ty  o:~  the  projectile  in  ita  trajec- 
to^y.  Ält  this  center  is  usually  not  exactly  known  while  the 
projectlle  is  being  developed.  It  is  therefore  expedient  to  plot 
th®  posltion  of  the  center  of  piessure  againstoc,  es  in  Figa.  31 
Thle  form  of  presentat ion  depends  only  upon  aerodynamio 
behavlor  and  is  independent  of  th®  posltion  of  the  cent®r  of  gra- 
vity.  The  center  of  pressure  for  the  fin  gienade  i»  practically 
constant  for®d>5°  and  is  forv/ard  froa  the  tail  by  2#o  to  2,1 
calibars  at  both  the  Ka  values  investigoted.  At«C<3°,  it  is  de - 
slrable  to  obtain  values  by  extrapolation,  for  the  direct  loca- 
tion  of  th«  center  of  pressure  becomes  extroardinarily  difficult 
when  the  angle  of  attack  is  very  small.  Xts  Position  is  calculat 
®d  fron  an  expr®ssion  that  approaches  ü  1  0  asoCdecre&ses. 
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If  the  center  of  gravity  of  the  fin  grenado  wtiod«  aod*l  (Fig«  Ä21 
ia  being  studied  lies  at  5,0  calibers,.  tfafn  tfa#  grenade  will  oei>- 
tainly  be  atable  for  oscillationß  of  ♦  15°.  If .  howeVer,  the 
weight  of  steel  in  the  head  wäre  decreased,  and  the  weight  of  the 
fin  assembly  wo  re  increaeed,  so  that  the  center- of  gravi  ty  aüVed 
backward  to  1,9  calibres,  then  the  center  of  pressure  would  be 
ahead  of  the  center  of  gravity,  and  the  grenade  would  be  nnfttable 
A  comparison  of  Figs.  51  and  55  shows  that  the  positien  of  the 
center  of  gravity  is  almost  independent  of  the  velocity,  Flge.  52 
and  56  show  graphically  (magnitude,  direction»  eenter  or  pressur^ 
the  r^eultants,  K,  of  the  aerodynamic  foröes  for  various  angles 
of  attack.  The  length  of  each  vector  is  equ&l  to  the  correspond- 
ing  value  of  the  coefficient  defined  byt 


°r  "  « 


-5-  v2F 


5  •  Aerodynamic  flesonance  Frequencies  and  Damping;. 

a )  Aerodynamic  Resonande  Frequencies. 

As  a  coneequence  of  fin  stabil ization,  the  projectilo  possesses 
certain  aerodynamic  resonance  frequencies,  which  are  excited  by 
pertuibations.  If  these  frequencies  are  to  be  damped,  there  must 
be  energy  absorption.  This  absorption  is  brought  about  by  the 
action  of  aerodynamic  moments  that  are  produced  by  the  oscillati- 
ons,  whence  the  process  is  cilled  aerodynamic  damping.  Fin  stabi- 
lity,  aerodynamic  frequencies,  and  aerodynamic  damping  are  conse— 
quently  interdependent  in  the  highest  degree. 

Linear  Law  of  V.omentG,  Damping  Leglected.  The  experimental  re- 
nults  of  Section  2b  show  that,  for  a  large  lange  of  o^valueö, 
the  center  of  pressure  (and  hence  the  moment  arm  p,  which  is  the 
distance  between  the  Centers  of  pressure  and  of  gravity)  may  be 
con  ;idered  constant.  The  results  show  further  that  lift,  and  hen^ 
ce  (at  small  ©t)  also  the  perpendicular  component  N 
N  »  A  cosot  +  ff  sinai. 

is  propoi  tional  to«C,  to  a  first  Approximation.  In  other  words, 
the  aerodynamic  moment  I.:  -  N  *  p  is  approximat^ttv ‘proportional 
to  06  (see  Fig.  57.  Curve  a).  Under  these  condition»,  the  4q^uati- 
ons  governing  linear  vibrations  may  be  used. 
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^irlttd  X  «f  Dil  MMiifnMlo  xMonkää«  frequenoy  of  *  projee- 
**!•  (meneat  of  iaertia,  6 )  li  giran  ty 


O. 


T  -ttt/UZI 
[  Cm‘iy 

do^d^c. 


pW’ 


**• .Pp*4»d  X  tbNUt  depsnda  prlaoipally  upon  *  ofcareoterlatio  of 
tboCmorötjfcMtt*  mm#**  Qther  things  egpftitv  the  mMM  fre- 
|»  proportional  to  the  weloOltar* 


Coadi^toreft»  Bamplmg  by  the  «fr 
•£$••**  thm  period  T«  Äe  differential  equatloa  fop  the  oeoilla- 
«f  *  fi»-etabili*ed  prejeotile  about  ita  center  of  graxity, 
vtlooitjr  oMiUntiiii 

0St  *  Rät  +  a*at  «  0 


(  06  and  «fc  are  the  first  and  second  derixatixes  of  »6  with  respeot 
to  tlü;  1b  uaod  to  rsproBont  ths  denomlnator  of  the  frection 
ander  the  radiaal  above . ) 


JuBtlficatioa  for  assamlng  the  damplng  aoment  of  the  alr  (R  ot  ) 
proportional  to  «6  will  be  glxen  later  (Seotioa  b).  On  this  aesunp- 
tida,  the  period  is 


^  T“frw" 

shich  slwts  th&t  air  damping  acts  to  lengthen  the  period  of  the 
aerodynamlc  resonance  frequency. 


C^ibic  Law  of  Momente.  Damolna  Mealected.  The  linear  la«  of  so* 
mente  is  ^first  approximation.  If  cffl  as  a  functioa  otoc  is  de- 
termiaed  more  exactly,  one  finde  that  the  results  of  wind  tunnel 
lnxestlgatlons  can  often  be  better  expreased  by  the  use  of  a  cu- 
bic  law  (Flg*  37*  curve  b)f  as  followss 
0 ot  +aAoC  «►  bx*c*  •  0 

2  2 

Ca  and  b  are  the  posltixe  constants  of  the  cubic  parabola.) 


The  Solutions  of  this  equation  are  elliptlc  funetions.  The  period 
T  depends  upono^x 


V-K  \[ 


~ar- 

ÖF+b^öCä 
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K  ls  one-fourth  of  th#  real  perlod  of  the  elliptic  co&ine,  cn, 
thusi  Jf 

vith  the  modalus 


Accordlng  to  thls  equatlon,  T  decreases  as  the  amplltude  oC0  ln» 
cmseso  If  damplng  by  the  alr  ls  neglected,  the  experimental  re» 
sults  (lift,  drag,  center  of  pressure)  in  Section  2  thus  suffice 
for  the  calculatlon  of  the  aerodynamic  lesonance  frequencies« 


Cublc  Law  of  Moments*  Damnina  Conaidered.  Upon  consideration  of 
damplng  by  alr,  the  simple  cublc  law  become 


Qo t  *  R* c  *  axoc  *  bÄ’ocJ  *  0 


No  expllclt  solutlon  of  this  equatlon  ls  presently  known.  Conse- 
quently,  approxlmation|fomula8  were  developed,  each  valid  for  one 
quarter  of  an  oscillatlon,  for  the  practifcai  evaluation  of  the  di- 
agrams  recording  the  osclllations  of  f In-stabilized  projectiles, 
(see  section  JA  and  Figa.  40  and  41).  Let  T,  and  T2  be  the  times 
of  duratloa  of  the  first  and  second  quarters  of  an  oscillatlon; 
let  o&0be  the  dlsplacement  at  the  beginn ing  of  the  first  quarter, 
and os-  the  dlsplacement  at  the  end  of  the  second  quarter;  and 
deflne  the  "Half-decremsnt'*« 


then 


41 



~tA(T'+T* 



■nrTl 


-Ä* 


a*  +^04# 

V  *.  0,  thl»  equatlon  reduoo*  to  the  formula  for  the  half» 
dsdrefcsnt  of  a  dsutped  haxnonlo  Vibration. 


are  esse*  of  aerodynamlo  stablllty  more  compllcated  than 
tAose  correepondlng  te  the  simple  curves  a  and  b  of  Flg.  37.  if 
eures  b  remalna  tangsnt  to  the  axls  ln  ths  neighborhood  of  ths 
origln,  thsn  the  pro^eotile  behavse  lndlffere&tly  ln  thls  reglon, 
Sdd  ths  eerodynami*  forerss  neeesssrlly  direct  it  along  the 
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tangent  to  the  trajectory.  Cases  like  that  of  i'ig.  37,  curve  c, 
occur,  in  which  there  is  instability  near  oC -  0°,  and  the  axis  of 
the  projectile  find  a  stähle  Position  only  when  the  dis placement 
is  reached.  Since  the  processes  involved  occur  in  space,  the 
stähle  positions  for  the  point  of  the  projectile  lie  on  a  circle. 
*Ve  then  speak  of  stahility  on  a  circle  as  con/örasted  with  at  a 
point  (Fig.  37,  curves  a  and  h). 

b )  The  Origin  of  Aerodynamic  Dumping . 

The  aerodynamic  daraping  moment  Md,  rerults  from  the  oscillations 
of  the  projectile  ahout  its  center  of  gruvity.  In  the  previous 
section,  the  assumption: 

Lld  *  K  OC 

was  made,  and  we  shall  now  show  that  this  simple  relation  approxi- 
mates  the  actual  conditions. 

The  aerodynamic  forces  responsihle  for  the  damping  moment  can  he 
visualized  in  the  simplest  case  hy  examining  an  oscillating  plate, 
the  angle s  of  attack  heing  small  (Fig.  38). 

Let  a  x’ec tangul ar  surface  F  of  width  d  and  ljength  L  revolve  with 
angular  velocity  oC  ahout  an  axis  thibugh  its  center  of  gravi ty  S. 
Then  the  element  of  aurface  dF  noves  with  the  velocity 

w  -  1  6c 

1  being  the  distance  of  the  element  from  the  axis.  Ifjkn  air  stream 
ot  velocity  v  is  directed  against  the  plate,  the  angle  of  attack 
ot being  small,  then  the  rotation  of  the  plate  adds  to  the  angle 
of  attack  an  increment  ß  -  w/v.  /fvaries  with  1  and  changes  in 
sign  as  one  crossee  the  axis.  The  contrihution  by  dF  to  the  damp¬ 
ing  moment  1.^  is  given  hy 

*ndL‘cn(/1)dF  •-£  vli. 

cn  a  coefficient  giving  the  force  perpendicular  to  dF  for 
the  angle  of  attack^.  For  small  ß  ,  v,e  may  ac3ume 

cn  C/l)  -  e/J, 

where  c  -  dcn/  at  ß  -  0. 
now  have 

c IMjl  *  C'ctF« 
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fhi#  1«  tfe»  oontxibution  of  th»  »loaatrt  of ourfac»  AFtO  th» 
4ft*9&ü*  aOMit  H*.  *Mv9gur*%lm  ovor  th»  entir»  »urfae»  >fter 
»ub»*itutiag tos  &w)  glr»*  t 

d'V-ZoC  f  cl^il 


«d-i- 

"et  * cd 


fl»xa  cd  1  *  »ort  or  avmrmxß  walu»*  taken  or»r  th»  entir»  surfac», 

of  c,  *m»  flla»nalonl»»«  co»rr.rcl»nt  cd  will  b»  cnlled  th»  co»ffi- 
cient  of  aerodynaaic  daaping;  th»  la»t  »quation  definos  cd  un- 
•quiTooally  in  t»r»s  of 

®*»  foÄUla  doveloped  for  thi»  siapliried  case  may  serve  as  an 
Approximation  for  solide  of  rotation  (caliber  d  and  length  L) 
with  and  without  fin  assemblies.  In  other  words,  at  constant  air 
denoity  and  at  constant  velocity,  one  may  assume 
Md  - 

for  projectiles  of  the  type  under  discussion« 


Expressed  in  terms  of  R,  becomes 


Ci  ~-J£tR - - 

d  L*  cif  V 


The  derivation  of  this  formula  Supports  the  ex^ectation  that  the- 
se  values  of  cn  for  projectiles  with  and  with  out  fin  assembly 
will  be  equal  in  order  of  magnitude  to  dcn/d  ot  for  the  projectile 
In  question.  Wind  tunnel  measurements  have  already  shown  that 
&cn/d°C  lies  near  unity  for  wings  shaped  so  that  L>d.  It  follows 
therefore,  that  cd  should.be  of  the  order  of  magnitude  unity  also 
for  projectiles;  the  experimental  results  support  this  conclu^ion 
(see  Section  Jd). 


c )  _^i^ilarity  ror  Aerodynamic  Dampig^ 

The  dimensions  of  R  are  m. kg. sec.,  and  its  value  is  therefore 
different  for  the  model  und  the  full-size  Object,  even  though  the 
two  are  geomotrlcally  similar.  Xf  the  nerodynanic  damping  is  to 
be  measured  in  a  wind  tunnel,  and  the  tesults  are  to  be  trunolut- 
ed  to  actual  praotise,  then  lt  is  neceasui-y  to  havo  a  dimenoion- 
less  coefficient,  such  as  cd,  to  make  possible  the  translatiou 

The  value  of  K  will  depend  essentially  on  the  velocity  v,  the  air 
denslty^  ,  und  the  caliber  d.  Dimensional  considerations  then 
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show  that  •  d  ls  the  only  possible  combination  of  these  quon- 

tities  that  could  have  the  dimension  of  K.  The  ratioi 

V  -  « 

K 

j.g  tnerfore  o  dimenslonlese  damping  coefficient.  Thia  coefficient 
h^s  the  disad vantages  that  its  value  differ  by  several  powert)  of 
for  bodjes  of  different  shapes;  further,  the  coefficient  cannot 
fce  visualized  in  aer  odynaraics'  terms.  In  its  place,  the  coe£fici- 
ent  c^,  which  has  the  same  dimensional  muke— up  as  X,  will  bs  used 
As  we  have  seen,  ZkR 

can  be  visualized,  and  it  does  have  convenient  values  n e&f  unity 
in  order  of  nagnitude.  In  reality,  the  value  of  the,danplng  cön- 
stant  Et  depends  not  only  on  v,  f,  and  d,  but  also  on  the  vlscoel- 
tyyU»  »an  the  ccmpressibility  of  the  air  (which  can  be  expressed 
in  terms  of  a,  the  velocity  of  sound)  and  on  the  frequency  n  ^>f 
the  oscillations.  Oimilarity  considerations  lead  to  the  resul* 
cd  -  f  (he,  Ma  K) 

liiere  j-.e  »  vd^  / f  the  heyrolds  nuiaber 

^‘"3-  ■  v/a,  the  Mach  number 

,/  ..  coefficient 

*  na/v,  the  dimenslonlese  fiequency^of  the 

■- sc i llatioTic .  In  analog  with  the  behavior  cf  c&  and  c  ,  it  is 
pu^tifiaahle  to  expect  that  the  influence  of  the  Mach  number  on 
: £  ''oll  p re iominate  over  that  of  the  Reynolds  number  in  the  super 
sonic  ieeion.  The  dependance  of  on  ü  will  have  to  be  eetab- 
Ifshed  oxpei  i.- ertully. 


Ihe  perlmental  otucjy  of  Aerod.ynamic  Hcsonance  yrequynelcp  and 
Dampingj^in^the^üc^rsunic^ind  Tunnel . 

If  the  aeiodynamic  reoonance  frequencies  and  the  related  aerodj- 
ua.aic  damping  a  e  to  be  evaluuted  quantitatively ,  wind  tunnel 
aeaa  irements  ir.  additioa  to  those  of  Section  2b  ere  necessary. 

The  follo.ving  in  a  suitable  method  of  doing  this  (eew  Fi^.  59)« 
The  model  is  mounted  in  the  tunnel  and  on  bali  bearings,  so  that 
it  can  be  rotuted  ~bout  an  axis  through  the  center  of  gravity, 
the  pooition  of  -.»rieh  must  >  orreapond  to  that  in  the  full— scale 
propectile.  :he  model  is  r.ow  clamped  at  an  angle  of  attaefc  of. 
eay,  10',  and  the  air-  ntxcam  of  the  tunnel  is  started.  Wheh  * 
coi.stant  flow  velocity  has  been  reached,  the  a-udel  in  unclatfptd. 
j»  f in-stabilized  model  will  then  execute  oscillations  about  its 

T*) - 

.^of -'ls  ure  r.cw  stisi  orted  by  the  thinnest  practlcabl«  8tee 
wire  (;{.A.^.) 
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null  positions  (06=.  0°)  and  the  nraplitude  of  these  osoillations 
v.  j  LI  giadually  deerease.  It  is  now  necessary  to  lecord  these 
h-mped  oscillations  without  distorting  them,  so  that  the  period 
*  and  T.he  dujjring  constant  F  can  be  obtained.  This  is  accomplish- 
ed  by  using  a  beam  of  parallel  light  and  two  photo  cellsf ^  ,hen 
06  =  v,  the  same  fraction  of  each  photocell  ia  darkened.  r.hen  06 
is  positive,  the  first  cell  receives  noie  lipht,  and  the  oecond 
cell  leoeives  leas-,  when  o£  is  negative,  the  Situation  is  revers- 
ed.  A  tJiffe:  ential  Circuit  then  Jives  positive  and  negative  cur- 
:  ents  '•  orr<_ sponding  to  the  angulai  displucewer t  uf  the  model ,  und 
th<  so  euri  ents  are  reco:ded  cn  an  osc. ill  jgraph. 

.  iL.  4;..  shov/stbe  i*o  ■  ord  thus  obtained  of  the  9b c i  L  Lations  execut- 
ed  the  Endel  .f  a  fin  er. ade  with  aei  odynumic  dauping  (Fa  « 

1  fsP) .  initia  l.ly ,  OC  v:as  10°.  fhe  lecoid  reveals  the  tu  tion  of 
;.ta  ody riunic  dakping.  Since  or.e  division  of  the  time  scale  is 
1/50  sec .  ,  it  fnllows  thaf  the  period  c-f  the  resonance  frequency 
T  is  0,17  sec.,  on  the  oveivge.  After  about  4-u  dsc il Lations  (7 
sec.),  the  model  is  at  fest . 

Fi g .  41  is  a  similar  record  obtained  on  the  same  model  Aith  an 
initial  of  FO°^and  Fa  =?  1,8.  Here,  on  the  avc-rage,  T  =*  0,21  sec. 

The  ree ord: .'are  evaluated  by  the  use  of  cubio  law  of  moments, 
damping  considered  LOection  3u).  The  aoment  of  inertia  of  the  mo¬ 
del  beingö«  0,00175  m. kg. sec“,  we  obtain 

d  «  0,00161  (Ma  =■  1,4)  and  H  ■  0,oÜ158  ((,1a  =*  1,8) 

The  orresponding  vaiues  of  the  dimensionles3  damping  coefficient 
are  : 

cd  -  0,98  (Ua  -  1,4)  and  cd  -  1,06  (ivla  -  1,6). 

owing  to  the  experimental  diffieulties  involved  in  their  deter- 
minstion,  these  vaiues  of  ‘Te  t.o  be  considered  practically 
identicul. 

•  5GYS.iiiitdii2^_2^-.i.l2ib£liil®s_in_ihe_Ou2ersonlc_KcLion. 

The  evperlnental  work  previously  discussed  was  fturj  ied  out  on 
modelß  that  were  clumped  so  that  there  was  no  spin.  One  ahould 
expect  that  the  pre-.ence  of  spin  will  influence  t',e  form  of  the 
liow  ( t Ziere  will  be  u  separatio:  of  the  boundary  later  owing  to 

+  )  "ovj,  the  oscili  '■  iur .»  ,re  php'.o  raphed  with  a  sott  ab  le 
er morn  (H. l.L. ) 
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the  action  of  centrifugal  l'oires),  and  that  the  nnalion  v.ill 
ulter  the  ae <.  odynunic  f:rces.  A3  '«>:  1  inglv  ,  provision  was  r.ude  to 
rotv.te  the  r.oc.ül  "f  a  15  cm.  b-w-i..  ^renale  42 )  r,p  *  hat  the 

aerodynanic  forceß  arising  frc-t  sein  eould  be  studiert.  The  foLiov 
int*  int  j ran  ■_  i  oa  was  cb:  .inod  er.  the  r:c  r.-LCtatlnn  rrodel. 

Schlieren  phetographs  cf  this  nodel  are  shown  in  Figo.  43,  Af 

(lÄu  *  1,4)  and  Figs.  46,  47,  48  (La  -  1,8).  Becouse  of  the  well- 
formed  r.ose  of  the  model,  thb  «hock  v/ave  is  relativelv  v/eak. 

Fu r the naore ,  there  is  visible-esuecielly  at  La  *  1  ,a  -  J  second 
check  wave  that  criginutes  at  the  -ffset  produced  by  the  Atze 
tip.  ii.sOc  increases,  these  two  shcck  v;aves  diverge  on  the  u;  -  er 
side  cf  the  model,  >r.d  coalesce  on  the  lower.  A.tiong  perturbati- 
onc  exiginate  at  the  lotating  bands  and  at  the  base  of  the  pro- 
jectiie.  :he  b  u:.du.iy  .ajet,  he-  tec  b,,  friebion,  is  hi  tu  on  the 
upr  er  _y-d«.  !  :  -ack  on  tr.e  lgteo,  -ns  is  tc  t-c»  o'-.pdtt  lert  fron  the 

•  ’  •■-h  -  -  a^i-ren  o;  •  iös.  it  is  not ewerthy  that,  v/hen 

^  the  •  ir  :  trenn  näheres  weil  to  the  huivt  d  onical 

au:f3Ce.  <-.s  a  resuit,  the  iow-.  it.  sure  ieLion  «$ t  the  base  of  the 
t cjectile  necorius  emulier,  and  this  decrease  .tuet  ir.  turn  leart 
tc  iecieised  d  j  a^.  -the  laxier  anales  of  attack  (0*  =  12°),  ene 

observns  (,  articuluily  at  i..a  -  1,8)  that  the  air  st;  ean  dees  not 
adhere  to  the  cone  on  the  upper  ..ide,  wnile  it  -.daereP  f  irraly  on 
the  lower. 

2  •  Lcasu.reu.ent  of  Forces. 

The  iesultß  of  3“'- Opponent  ueasureraents  are  presemted  in  Figs. 
u3  ~  in  dinen-hion^ess  form,  aß  it  was  done  in  the  cuse  of  the 
fin  grenade.  The  t  onsiderations  of  iJe-Uon  I,  ?b  apply  here  also 

■  ith  *>x  ojeo  Lilea,  L in  yg.in  tiue  that  cw  increasee  upproximate- 
ly  asOC(see  Liga.  49  and  55)«  The  increase  in  drag  with  in^reas- 
ed  iß  app;  eciable .  At  Lu  »  1,4,  the  drug  ie  50  yo  gieater  at 

than  at  OC  -  0G;  at  La  =  1,8,  the  c orresponding  i'igure 
cxceeda  ICO  %;  the  ^uoillations  of  the  projectile  tlius  increase 
tne  drug  c or.sidei ably.  The  drag  at  La  -  1,8  is  less  than  at  Ma 
"  1,4,  which  in  in  aecord  wi  fch  exporience  ubtained  in  the  exter- 
nal  ballisticc  of  niim  projectiles.  The  coefficient  of  lift 
(Figa.  .  50  and  lA)  i_ur  -  easea  sonewhat  moxe  than  lineurly  v/ith 
and  is  almost  independent  of  M&.  Because  there  is  no  fin  assemblj 
trh#  center  of  pressure  ließ  well  forward  near  the  nose  (Figs.  51 


725 


and  55)»  Ae  OC  increases,  the  center  of  pressure  migratee  tovard 
the  rear.  (Here,  as  in  the  caee  of  the  fin  grenade,  valuee  for 
have  been  obtained  by  e vtrapolation. )  At  Ma  -  1,4,  the 
center  of  pressure  at  large  OC  io  somewhat  higher  than  at  Ua  ■ 
1,8.  Figs.  52  and  56  contain  vectors  showing  the  magnitude  and 
dir*,  ction  of  the  aerodynamic  forces,  and  the  center  of  pressure, 
for  various  values  of  öC  at  the  two  Mach  numbers  investigated.  Xt 
is  apparent  that  the ve  are  apprecinble  lateral  forces  at  low  va¬ 
luea  of  OC  . 


SUMMAKY. 

The  supersonic  wind  tunnel  of  the  war  ministry  was  constructed  to 
facilitate  the  development  of  spin-  and  fin-stabilized  projeotil- 
es.  The  use  of  a  supersonic  tunnel  for  this  purposa  is vrelatively 
recent  undertaking;  how  much  such  work  can  contribute  to  this  de¬ 
velopment  is  not  generally  realized  even  now.  The  present  book 
describes  the  supersonic  tunnel,  the  most  powerful  and  the  best 
equipped  in  Ger-many,  and  gives  some  e.xperimental  results« 

In  the  fir.-vt  part  of  the  book  the  various  types  of  supersonic 
tunnels  ai e  discussed,  and  the  principles  upon  which  the  present 
tunnel  operates  are  described.  The  fundamental  considerations 
governing  tne  choice  of  methods  of  measureinent  and  the  size  of 
equipment  are  given.  The re  follows  a  detailed  technical  descrip- 
tion  of  the  Installation  and  the  measuring  equipment. 

The  second  part  cf  the  book  contains  preiirainary  experimental  re— 
sults,  which  v/ere  obtarned  in  the  wind  tunnel  and  concern  Pro¬ 
blems  in  exteinal  ballistics.  Fin  stabilization,  aerodynamic  re- 
sonance  frequencies  and  aerodynamic  cWuping  -  all  problems  that 
arise  in  connection  with  the  stabilization  of  non-rotating  pi o- 
Jectiles  at  supersonic  velocities  -  these  u:  e  clarified  by  means 
oi  ochiieren  photogruphs ,  3~c_cupon ent  foi-ce  measuiements ,  and 
oscillation  iecords  obtained  on  a  model  of  *  fin  grenade  at  Ma  - 
1,4  and  La  =  1,ü.  rinully,  Schlieren  pnotoLraphs ,  and  the  resulte 
of  nei.eUi einen ts  of  tat*  ut-j  odynamic  forces  un  the  non-rotating 
rr.odel  of  «  15  cm.  okoda  gienadc,  »e  p-^wr tod  for  the  same  Ma 
vnlues. 
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4«  Perforaanc«  Curvo  for 
öniof the  Slx  Punps. 
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£!&-■  ??■  Center  of  jrtressure  for  the  i.lodel  as  a 
Function  of  «at  Ma  -  1,8, 
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FIr. 36 .  Vectors  Ghowing  Macnitude,  Di¬ 
rect  ion  and  Centers  of  Pressure  for 
the  Aerodynumic  Forces  Acting  on  the 
Fln-Grenade  Model  at  Ma  -  1,8. 

C*n 


FIr.  37.  Aerodynamic  Moment  as 
Various  Functions  of  . 


?'1k«  36 .  Ori 
Dumping, 


,in  of  Aei  odynamic 


FIr. g9.  Appuratue  for  the  De»' 
terra ination  of  Aerodynamio 
Dumping  in  the  Supereonic 
Tunnel. 
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Fils.»  52  *  Veetors  Showing  Magnitude 
D i z*tJ c ti on  und  Centers  of  Pressure 
for  the  Aerodynamic  Forces  Acting 
on  th©  okoda-Grenade  Model  at  Ma 

c  1  f%. 


F1B..53.  Drag  Coefficient  of  the 
Skoda -6 renade  Model  aa  a  Func¬ 
tion  of  ec  at  Ma  ®  1,8. 
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Fift»35.  Center  of  Pressure  of 
the  Skoda -G renade  Model  as’a 
Function  of  CC  at  Ma  -  1,8. 
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Fig.^6.  Vectors  ShoWing  Magni¬ 
tude  Dlrection  und  Centers  of 
Pressure  fo:  the  Aerodynamic 
Forces  Acting  on  the  Skoda-Gre- 
nade  Model  at  Lia  ■  1,8. 


FiK.34.  Lift  Coefficient  of  the 
fekoda-öi enade  Model  as  a  Function 
of  OC  at  Ma  -  1 ,8. 
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ji  g;  2 

Schematic  Diagräm  cf  the  Supersonic  Wind  Tunnel 


Mk%  3 

of  the  iieasurlng  Sectich. 
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Kifc.  5 

fjchematical  Diug^am  of  the  *.achine  Installation 
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•  dar  Dralkoaponantanaaaxa 


Fiß.  6 

Schematical  Digram  of  the  3-Component  Balance 
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Supersonic  Nozzle  for  Ma  -  1,57  Suparsonic  tfozzle  tor  Ma  -  1,88 
(540  a/sec.)  (640  a/aao.) 


Supertonic  fcozzle  for  Ma  -  2.5 
(850  m/sec. ) 


Fit.  10 

Supersonic  Nozzle  for  Mia  5,5 
(1120  m/sec.) 
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Fig.  11 

Supersonlc  Nozzle  for  Ma  -  4t4 
(1490  m/sec.) 


»lg.  12  Fig.  1^ 

Platt!*  Hödel  Bhowlng  the  Zocra  *  Flastic  Model  bhowing  the  Decrea« 
M  of  Telocltjr  ln  the  Wind  Tonne 1  ee  of  Pressure  ln  the  Wind  Tunnel 
fhr  Ma  -  1.57»  Nozzle  for  Ma  -  1,97. 


Fi»,  16 

Schematlo  Diagram  ot  the  Sohlierea  Apparatus. 


Fi».  17 

Field  of  View  (50  cm.  diameter)  of  the  Schlieren  Appa¬ 
ratur.  (Note  Schlieren  Ceuaed  by  Heat  from  the  Hand.) 
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Fig.  21 

Aer  odyriamic  Stabil tty  of  a  Pin-Grenade  (Shell) 
Instabil ity  of  a  hon-Fotating  irojectile. 


ig*  ."•? 

Fin-Gi  enade  (uatUj  «odel  Stadl  cd  in  thc 
,.^nd  Tunnel  'v'-cngüi  2*9  cm.  Diame- 

ter»  7  cm.) 
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3iß.  25 

Schlieren  Photograph  of  the  Pin-Greoade  f.!odel 

(«C-  Sa  »  1,4) 


of  t|t  liaHJrsaade  Model 

&&J-  *-S>  'm-rn  ö%  rn  */-&*>*  ' 
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Fig.  ?7 

Schlieren  Photograph  of  the  Fin-Grenade  Model 

(<*«  G°;  Ma  -  1,8) 


Fiß.  28 

Schlieren  Photograph  of  the  Fin-Grenade  Model 
(O Cm  12°;  Ma  -  1,8) 


740 


Fig*  40 

Oecillation  Dia gram  for  the  Fin-Grenad 
Initiölly ,  oc  m  1Q°). 


Fig*  41 

Oecillation  Diagram  for  the  Fin-Grenad 
Initially.  öc  *  P0°). 


Fig.  42 

15 -cm.  Skoda  Grenade  (She3i)  üodei  (La 
Studie d  in  the  Wind  Tunnel. 
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•  Schlieren  IfcotOi 

**•?•*-!  o* 


Flg* 

Schlieren  Aoto^raph  of  the  Sfcöd«  Motfal 
at  oc-  6°  «nd  Ke  •  *v. 
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F1S* 

'vchlioren  Photograph  of  the  Skoda  Model 
at  OC  «  12°  and  äa  - 
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Ä. 


SCMi#r«n  JfcotofcrÄph  ot  th«  Sfco&i  «64«X 
a*  «C  -  'la^-Äd-Mä  *  1*Ä 
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Fiß.  57 

Wountim  of  the  Model  in  the  Wind  Tunnel . 
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Development  öf  the  10.5/7,5  cm.  *VKL  Shell  Tor  law  1000 


»Vith  8  / \stabllizing  flns,  <*ith  shortened  rear  and 

8  / V stabillzing  fins. 

*7  4Ö 


RFSTRICTED 


development  of.the  10.  */7.  &  ein.  ,#HL  Shell  l'or  *  avv  lüou 


difch  cy linder  rin^  and 
8 1|  stabil! zing  lins 


dear  wlth  conlcal  rin*1;  an 
8  ||  atubllizln  -;  f'lns,  " 
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